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Íq× id hpggdÅffdgh× Ù×f hdÖdheÉÖÅfeÅÍq×f Ù×f ÙpggÉ×f Ågnq×godge h×f feÖdeÉÇÅ×f Ú
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æ×f hdÖdheÉÖÅfeÅÍq×f Ù×f eÖdgfdheÅpgf pge gdeqÖ×ii×Ë ×ge qg ÄpÖe ÅËÌdhe fqÖ i×f diÇpÊ
ÖÅejË ×f Ú ç h× gÅÈ×dq k i×f ÌÖÅghÅÌdi×f hdÖdheÉÖÅfeÅÍq×f ÅÙ×geÅèÉ×f fpge í
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eÅpgf ipgÇq×f k Ìiqf i× e×ËÌf Ù Õdhhlf dqÐ ÙpggÉ×f Ì pqÖ ÙÉe×ÖËÅg×Ö i× fqÌÌpÖe Ù×f Ë peÅÄf
dqÖd e×gÙdgh× Æ óeÖ× Éi×ÈÉ Ú èg× ÇÖdgÙ× ÌdÖeÅ× Ùq e×ËÌf Ù Õ×ÐÉhqeÅpg Éedge iÅÉ dq hdihqi
Ùq fqÌÌpÖe k i× hpËÌpÖe×Ë ×ge Ù×f diÇpÖÅejË ×f f×Öd Ùpgh Ù ÅÖ×he×Ë ×ge Ågnq×ghÉ ÌdÖ h×f
hÖÅelÖ×f Ú g Ìiqf Ùq e×ËÌf Ù Õ×ÐÉhqeÅpg k i ÕdqeÖ× Ö×ffpqÖh× hÖÅeÅÍq× ×fe id Ë ÉËpÅÖ× Ú ô Ö k i Õ×fÊ
Ìdh× ËÉËpÅÖ× phhqÌÉ ÙÉÌ ×gÙ dqffÅ Ù× h×f Ädhe×qÖf Ú g ×õ ×e k i×f diÇpÖÅejË ×f hjdÖÇ×ge qg×
ÌdÖeÅ× Ìiqf pq ËpÅgf ÅË ÌpÖedge× Ù×f ÙpggÉ×f ×g Ë ÉËpÅÖ× Ú ödiÇÖÉ i ÕqeÅiÅfdeÅpg Ù× feÖqhÊ
eqÖ×f Ù× ÙpggÉ×f pÌeÅË Åfdge h×e ×fÌdh× phhqÌÉ k h× iq ÅÊhÅ Ì ×qe ÌdÖÄpÅf óeÖ× eÖpÌ ÅËÌpÖedge
×e ÅËÌiÅÍq×Ö Ù×f dhhlf Ù ÅfÍq×f eÖlf hp÷e×qÐ ×g Ë ÉËpÅÖ× ÈÅÖeq×ii× k ÈpÅÖ× ËóË × id fdeqÖ×Ö
×e ×geÖdÏg×Ö i ÕdÖÖóe Ù× i ÕdiÇpÖÅejË × Ú
g Ù×jpÖf Ù× h×f hpgfÅÙÉÖdeÅpgf k id Ù Å hqieÉ Ù× i Õ×ÐeÖdheÅpg Ù×f ËpeÅÄf ÄÖÉÍq×gef ÙÉÌ ×gÙ
×g ÇÖdgÙ× ÌdÖeÅ× Ù× id edÅii× Ù× i Õ×fÌdh× Ù× Ö×hj×Öhj× Æ ÌdÖhpqÖÅÖ ÌpqÖ eÖpqÈ×Ö id fpiqeÅpg Ú
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Ì ×ÖË ×e Ù× ÎpÖg×Ö h× ii× Ù×f Ìiqf ÇÖdgÙf ËpeÅÄf ÄÖÉÍq×gef k ×e Ùpgh Ù ÕdÈpÅÖ qg× ÅÙÉ× Ù× i Õ×fÌdh×
Ù× Ö×hj×Öhj× Æ ÌdÖhpqÖÅÖ Ú
Ø
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ÇÖdgÙ gpËÎÖ× Ù ÕdiÇpÖÅejË ×f i×f qeÅiÅf×ge dÈ×h fqhhlf ÌpqÖ ÙÉe×ÖË Åg×Ö Ù×f hjdgÇ×Ë ×gef
Ù× feÖdeÉÇÅ×f ×g ÄpgheÅpg Ù×f ÙpggÉ×f Ú
¼
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dgf i× hpge×Ðe× Ù×f Ë peÅÄf ÄÖÉÍq×gef k qg× ÙÉègÅeÅpg Ù× id Ù×gfÅeÉ Ù Õqg ß ×q Ù× ÙpggÉ×f
d ÉeÉ ÌÖpÌpfÉ× Ùdgf  
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ËpeÅÄf ÄÖÉÍq×gef f×Öd ÅËÌpÖedge× Ú æ×f diÇpÖÅejË ×f ÌdÖhpqÖdge qg× ÌdÖeÅ× Ìiqf pq ËpÅgf ÅË Ê
ÌpÖedge× Ù× h×e ×fÌdh× Ù× Ö×hj×Öhj× hjdÌÅeÖ× Ü k i×qÖf Ì ×ÖÄpÖËdgh×f Èpge óeÖ× Ågnq×ghÉ×f
ÌdÖ h× hÖÅelÖ× Ú
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) k h×ee× Ù×gfÅeÉ ×fe Ö×ÌÖÉf×geÉ× ÌdÖ id Ù ÅfeÖÅÎqeÅpg Ù×f Ë peÅÄf ÄÖÉÍq×gef
Ë dÐÅË dqÐ k Å Ú× Ú i× gpËÎÖ× Ù× ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ ÌdÖ gÅÈ×dq Ú
à
×ee× gpeÅpg Ù×
Ù×gfÅeÉ d ÉeÉ ÉeqÙ ÅÉ× ×ÐÌÉÖÅË ×gedi×Ë ×ge fqÖ Ù×f ß ×qÐ Ù× ÙpggÉ×f ÖÉ× if ×e fêgejÉeÅÍq×f
Åffqf Ù×  p ×Î  Ú ç ÌdÖeÅÖ Ù× h×ee× gpeÅpg Ù× Ù×gfÅeÉ k i×f dqe×qÖf Ùdgf  
¯ä
) pge ÌÖpÌpfÉ
qg× hidffÅèhdeÅpg Ù×f ß ×qÐ Ù× ÙpggÉ×f ×g ÍqdeÖ× eêÌ ×f í
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k èÇqÖ× Ý Ú) ×fe hdÖdheÉÖÅfÉ ÌdÖ
qg× Ù ÅfeÖÅÎqeÅpg fêËÉeÖÅÍq× Ùq gpËÎÖ× Ù× ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ ÌdÖ ÖdÌÌpÖe
Æ i×qÖ edÅii× Ú
à
pËË × i× ËpgeÖ× id èÇqÖ× Ý Ú)k qg× ÇÖdgÙ× ÌdÖeÅ× Ù×f Ë peÅÄf ÄÖÉÍq×gef
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hpgfeÅeq×ge i× Ù×qÐÅlË × eêÌ × Ù×
ß ×qÐ Ù× ÙpggÉ×f èÇqÖ× Ý Úù Ú ØpqÖ h×f ß ×qÐ k i× gpËÎÖ× Ù× ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ
dqÇË ×ge× ÌÖpÇÖ×ffÅÈ×Ë ×ge ß qfÍq ÕÆ qg ÌÅh k ÌqÅf ÙÉhÖpÏe ÎÖqedi×Ë ×ge Ú ØdÖ ÖdÌÌpÖe Æ id
èÇqÖ× Ý Ú)k id edÅii× Ù×f Ë peÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ ×fe Ìiqf ipgÇq× k ×e Ì ×qe dee× ÅgÙÖ×
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×f ß ×qÐ Ù× ÙpggÉ×f fpge hdÖdheÉÖÅfÉf ÌdÖ Ù×f ËpeÅÄf ÄÖÉÍq×gef Ë dÐÅË dqÐ
Ù× Ì ×eÅe× edÅii× Ú æ×qÖ gpËÎÖ× ×fe Ùpgh eÖlf ÅË ÌpÖedge ÌpqÖ i×f ÌÖ×ËÅ×Öf gÅÈ×dqÐ ÌqÅf
hjqe× eÖlf ÖdÌÅÙ×Ë ×ge ÌdÖ id fqÅe× èÇqÖ× Ý Úã Ú
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æ× Ù×ÖgÅ×Ö eêÌ × Ù× ß ×qÐ Ù× ÙpggÉ×f ×fe qg Ì ×q ÌdÖeÅhqiÅ×Ö èÇqÖ× Ý ÚÜ Ú i hpÖÖ×fÌpgÙ
dq ß ×q Ù× ÙpggÉ×f
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idffÅèhdeÅpg Ù×f ß ×qÐ Ù× ÙpggÉ×f ÄpgÙÉ× fqÖ id ÎpÖÙqÖ× ÌpfÅeÅÈ× Ù×f Ë peÅÄf
ÄÖÉÍq×gef
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Ü Ú
à
×f diÇpÖÅejË ×f pge ÌpqÖ pÎß ×heÅÄ Ù× ÙÉÊ
hpqÈÖÅÖ id ÎpÖÙqÖ× ÌpfÅeÅÈ× Ù×f Ë peÅÄf ÄÖÉÍq×gef ×g iÅË Åedge i Õ×fÌdh× Ù× Ö×hj×Öhj× ÌdÖhpqÖq
ÇÖbh× Æ i ÕdgeÅÊËpgpepgÅ× Ùq ÌÖÉÙ Åhde cóeÖ× ÄÖÉÍq×ge cÚ
à
×ÖedÅgf Ù× h×f diÇpÖÅejË ×f pge dqffÅ
Ë Åf ×g Ìidh× Ù×f feÖdeÉÇÅ×f dèg Ù ÕdÙdÌe×Ö id Ö×ÌÖÉf×gedeÅpg Ù×f ÙpggÉ×f ×e id Ë ÉejpÙ× Ù×
hpËÌedÇ× Ùq fqÌÌpÖe ×g ÄpgheÅpg Ù×f ÙpggÉ×f Ú
Ø
dÖ ×Ð×ËÌi× k i ÕdiÇpÖÅejË ×
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ã hjpÅfÅe ÙêgdË ÅÍq×Ë ×ge id feÖqheqÖ× Ù×
ÙpggÉ×f id Ìiqf dÙÌdeÉ× ÌpqÖ Ö×ÌÖÉf×ge×Ö i×f ÙpggÉ×f Ú æ ÕdiÇpÖÅejË × qeÅiÅf× qg× Ö×ÌÖÉf×gÊ
edeÅpg È×ÖeÅhdi× ÌpqÖ id Îdf× Ù× ÙpggÉ×f Ù× eÖdgfdheÅpgf Ú ëpg ÌÖÅghÅÌ × ×fe Ù ÕdffphÅ×Ö Æ
hjdÍq× dÖeÅhi× i Õ×gf×ËÎi× Ù×f eÖdgfdheÅpgf dqÍq× i Åi dÌÌdÖeÅ×ge Ú
Ø
pqÖ ÄdÅÖ× h× id k Åi qeÅiÅf×
Ù×qÐ eêÌ ×f Ù× feÖqheqÖ× Ù× ÙpggÉ×f í qg defg

pq qg× iÅfe× Ù ÕÅÙ×geÅèdge Ù× eÖdgfdheÅpgf k
ÌpqÖ hjdÍq× dÖeÅhi× Ú dgf i× defg

k Åi ê d qg ÎÅe ÌpqÖ hjdÍq× eÖdgfdheÅpg Ù× id Îdf× Ù×
ÙpggÉ×f Ú ë Å i ÕdÖeÅhi×
i
dÌÌdÖdÏe Ùdgf id
t
ÊÅlË × eÖdgfdheÅpg k dipÖf i× ÎÅe
t
Ùq defg

Ù× i ÕdÖÊ
eÅhi×
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×fe Ë Åf Æ qg h fÅgpg i× ÎÅe Ö×fe× Æ iÉÖp Ú
à
×ee× feÖqheqÖ× Ù× ÙpggÉ×f Ì ×ÖË ×e Ù ÕdÈpÅÖ
qg× ÌÖphÉÙqÖ× Ù× hpËÌedÇ× Ùq fqÌÌpÖe Ù×f ËpeÅÄf eÖlf ×hdh× Ú jpqe×ÄpÅf k id feÖqheqÖ×
Ì ×qe óeÖ× hÖ×qf× ÌpqÖ h×ÖedÅgf eêÌ ×f Ù× ÙpggÉ×f Ú dgf h×f hdf k id Ö×ÌÖÉf×gedeÅpg Ù×f ÙpgÊ
gÉ×f Æ ÌdÖeÅÖ Ù× iÅfe×f Ù ÕÅÙ×geÅèdge Ù× eÖdgfdheÅpgf f×Öd Ìiqf ÅgeÉÖ×ffdge× Ú æ ÕdiÇpÖÅejË ×
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ã f ÕdÌÌqÅ× dqffÅ fqÖ qg× Ö×ÌÖÉf×gedeÅpg È×ÖeÅhdi× Ù×f ÙpggÉ×f k ×e ×ÐÊ
ÌipÅe× Ù×qÐ e×hjgÅÍq×f ÌpqÖ i×f fep hm×Ö ×e hdihqi×Ö i× fqÌÌpÖe Ú ô Ö k i×f Ì ×ÖÄpÖËdgh×f Ù× h×f
e×hjgÅÍq×f ÙÉÌ ×gÙ×ge Ù× id edÅii× Ù×f ÙpggÉ×f Æ eÖdÅe×Ö Ú ØpqÖ h×e diÇpÖÅejË × k i ÕdÙdÌedeÅÈ ÅeÉ
f× eÖdÙqÅe dipÖf ÌdÖ i× hjpÅÐ Ù× id fpiqeÅpg id Ìiqf Ì ×ÖÄpÖËdge× ×g ÄpgheÅpg Ù× id edÅii× Ù×
id ÌÖpß ×heÅpg Ù× id Îdf× Ù× ÙpggÉ×f hpgfÅÙÉÖÉ× Ú
i ×Ð Åfe× ÇipÎdi×Ë ×ge eÖpÅf eêÌ ×f Ù× ËÉejpÙ×f ÌpqÖ Ö×ÌÖÉf×ge×Ö i×f ÙpggÉ×f ×e eÖpqÈ×Ö
i× fqÌÌpÖe Ù×f ËpeÅÄf í
é
i×f ÙpggÉ×f fpge fephmÉ×f jpÖÅipgedi×Ë ×ge k Å Ú× Ú hjdÍq× eÖdgfdheÅpg ×fe fep hmÉ× fpqf
id ÄpÖË × Ù Õqg ×gf×ËÎi× Ù ÕdÖeÅhi×f Ú æ× fqÌÌpÖe Ù Õqg ËpeÅÄ ×fe hpËÌeÉ ×g ÄdÅfdge Ù×f
e×fef Ù ÕÅghiqfÅpg Ùdgf i×f eÖdgfdheÅpgf h
é
i×f ÙpggÉ×f fpge fephmÉ×f È×ÖeÅhdi×Ë ×ge k Å Ú× Ú Æ hjdÍq× dÖeÅhi× ×fe dffphÅÉ× id iÅfe× Ù×f
ÅÙ×geÅèdgef Ù×f eÖdgfdheÅpgf dqÐÍq× ii×f Åi dÌÌdÖeÅ×ge Ú æ× fqÌÌpÖe Ù Õqg ËpeÅÄ ×fe dipÖf
pÎe×gq ×g ÄdÅfdge i ÕÅge×Öf×heÅpg Ù×f iÅfe×f Ù ÕÅÙ×geÅèdgef Ù× eÖdgfdheÅpgf Ù×f dÖeÅhi×f
ÍqÅ i× hpËÌpf×ge h
é
i×f ÙpggÉ×f fpge fephmÉ×f Ùdgf Ù×f feÖqheqÖ×f Ù× eêÌ ×
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pqÖ hjdhqg× Ù× h×f dÌÌÖphj×f k Ù×f feÖqheqÖ×f Ù× ÙpggÉ×f Ù ÅõÉÖ×ge×f Ì ×qÈ×ge óeÖ×
qeÅiÅfÉ×f e× ii×f Íq× Ù×f È×he×qÖf Ù× ÎÅef k Ù×f iÅfe×f pq Ù×f dÖÎÖ×f Ú æ× hjpÅÐ Ù× id feÖqheqÖ×
Ù× ÙpggÉ×f d qg ÄpÖe ÅË Ìdhe fqÖ id Ë ÉejpÙ× Ù× hpËÌedÇ× ×e fqÖ f×f Ì ×ÖÄpÖËdgh×f k ×e
ÙÉÌ ×gÙ ×g ÇÖdgÙ× ÌdÖeÅ× Ùq eêÌ × Ù× ÙpggÉ×f ÉeqÙ ÅÉ×f Ú
Ø
dÖ ×Ð×ËÌi× k Ù×f feÖqheqÖ×f Ù×
ÙpggÉ×f e× ii×f Íq× i×f È×he×qÖf Ù× ÎÅef f×Öpge eÖlf ×hdh×f ipÖfÍq× i×f ÙpggÉ×f f×Öpge
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diÇpÖÅejË ×f hpgf×ÖÈdge i×f ÌÖpß ×heÅpgf Ù× id Îdf× Ù× ÙpggÉ×f ÄdÅe×f Æ hjdÍq× ÅeÉÖdeÅpg Ú æ×
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d Ë Åf ×g Ìidh× qg× feÖdeÉÇÅ× dÙdÌedeÅÈ× ÍqÅ die×Ög× h×f Ù Åõ ÉÖ×ge×f dÌÌÖphj×f ×g ÄpgheÅpg Ù×
id ÍqdgeÅeÉ Ù× ËÉËpÅÖ× Ù ÅfÌ pgÅÎi× ×e Ù×f hdÖdheÉÖÅfeÅÍq×f Ù×f ÙpggÉ×f eÖdÅeÉ×f Ú
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ÖÅejË × ÄdÅe qg× ×ÐÌipÖdeÅpg ÌdÖ gÅÈ×dq Ù× i Õ×fÌdh× Ù× Ö×hj×Öhj× Ú æ ÕdÌÌÖphj× qeÅiÅfÉ× ÌpqÖ
Ö×ÌÖÉf×ge×Ö i×f ÙpggÉ×f ×e hpËÌe×Ö i× fqÌÌpÖe ÙÉÌ ×gÙ epqe Ù ÕdÎpÖÙ Ù× id edÅii× Ù×f ÙpggÉ×f
×e Ù× i Õ×fÌdh× ËÉËpÅÖ× Ù ÅfÌ pgÅÎi× Ú ë Å id edÅii× Ù×f ÙpggÉ×f ×fe eÖpÌ ÅËÌpÖedge× ÌpqÖ óeÖ× Ö×Ê
ÌÖÉf×geÉ× È×ÖeÅhdi×Ë ×ge k i ÕdiÇpÖÅejË × qeÅiÅf× qg× dÌÌÖphj× jpÖÅipgedi× Ú ç hjdÍq× ÅeÉÖdeÅpg k
i ÕdiÇpÖÅejË × ÖÉÙqÅe id edÅii× Ù×f ÙpggÉ×f Ú
Ø
dÖ hpgfÉÍq×ge k ipÖfÍq Õ× ii×f fpge dff×i Ì ×eÅe×f
ÌpqÖ e×gÅÖ ×g Ë ÉËpÅÖ× k i ÕdiÇpÖÅejË × hjdgÇ× Ù× feÖdeÉÇÅ× k ×e qeÅiÅf× qg× dÌÌÖphj× È×ÖeÅhdi× Ú
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gfqÅe× k i ÕdiÇpÖÅejË × dÌÌiÅÍq× Ù ÅõÉÖ×ge×f pÌeÅË ÅfdeÅpgf ×g ÄpgheÅpg Ù× id cÙ×gfÅeÉ c Ù×f
ÙpggÉ×f ÉeqÙ ÅÉ×f Ú
à
×ee× Ù×gfÅeÉ Ë ×fqÖ× id hpÖÖÉideÅpg ×geÖ× i×f iÅfe×f Ù× eÖdgfdheÅpgf ×e i×f
dÖeÅhi×f i×f Ìiqf ÄÖÉÍq×gef Ú

ii× ×fe pÎe×gq× ×g Ö×hj×Öhjdge i× gpËÎÖ× ËdÐ ÅËqË Ù ÕdÖeÅhi×f
Ùpge i ÕÅge×Öf×heÅpg Ù× i×qÖ iÅfe× Ù× eÖdgfdheÅpgf ×fe fÅÇgÅèhdeÅÈ× Ú
Ø
dÖ ×Ð×ËÌi× k fÅ
1/4
Ù×f
dÖeÅhi×f ÌdÖedÇ×ge
90%
Ù×f eÖdgfdheÅpgf k id Ù×gfÅeÉ f×Öd ÉÇdi× Æ
1/4 × 90% = 0.23
Ú ë Å
h×ee× Èdi×qÖ ×fe fqÌ ÉÖÅ×qÖ× Æ qg f×qÅi èÐÉ k id ÌÖpß ×heÅpg Ù× id Îdf× Ù× ÙpggÉ×f eÖdÅeÉ× f×Öd
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hpgfÅÙÉÖÉ× hpËË × Ù×gf× Ú
ìpepgf Íq× i×f dfÌ ×hef dÙdÌeÅÄf fpge eÖlf ÙÉÈ× ipÌÌ Éf Ùdgf h×e diÇpÖÅejË × Ú g ÇÉgÉÖdi k
qg× f×qi× Ö×ÌÖÉf×gedeÅpg Ù×f ÙpggÉ×f ×fe hpgfÅÙÉÖÉ× k f×qi×f i×f feÖqheqÖ×f Ù× ÙpggÉ×f ×e
e×hjgÅÍq×f Ù× hpËÌedÇ× fpge dÙdÌeÉ×f dq eêÌ × Ù× ÙpggÉ×f Ú ØdÖ ×Ð ×ËÌi× k
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ã qeÅiÅf×ge epqß pqÖf qg× Ö×ÌÖÉf×gedeÅpg È×ÖeÅhdi× Ù× id Îdf× Ù× ÙpggÉ×f k
Ë dÅf dÙdÌe×ge ÙêgdË ÅÍq×Ë ×ge i×qÖf e×hjgÅÍq×f Ù× hpËÌedÇ× Ùq fqÌÌpÖe ×e Ù× fep hmdÇ× Ù×f
ÙpggÉ×f Ú æ ÕdiÇpÖÅejË ×
Afopt
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ã ÍqÅ ×fe qg diÇpÖÅejË × Ùq eêÌ × c
FP − growth
ck
dÙdÌe× qgÅÍq×Ë ×ge i×f feÖqheqÖ×f Ù× ÙpggÉ×f qeÅiÅfÉ×f ÌpqÖ Ö×ÌÖÉf×ge×Ö i×
FP − tree
f×heÅpg Ü Úù Úù Ú g ×õ ×e k i×f Ì ×ÖÄpÖËdgh×f Ù× h× eêÌ × Ù ÕdiÇpÖÅejË × ÙÉÌ ×gÙ×ge ×g ÇÖdgÙ×
ÌdÖeÅ× Ùq hp÷e Ù× hpgfeÖqheÅpg ×e Ù× ÌdÖhpqÖf Ù× hjdhqg Ù×f
FP − tree
hpgfeÖqÅe ipÖf
Ùq ÌdÖhpqÖf ×g ÌÖpÄpgÙ×qÖ Ú
Afopt
ÙÉe×ÖËÅg× id Ö×ÌÖÉf×gedeÅpg Æ qeÅiÅf×Ö ×g ÄpgheÅpg Ùq
gpËÎÖ× Ù ÕdÖeÅhi×f ÄÖÉÍq×gef hpgfÅÙÉÖÉf Ùdgf i×
FP − tree
k Ù× i×qÖ fqÌÌpÖe Ëpê×g ×e Ùq
f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe Ú
jpqe×ÄpÅf k i×f dfÌ ×hef dÙdÌedeÅÄf Ë Åf ×g Ìidh× fpge Äp hdiÅfÉf fqÖ id Ç×feÅpg Ù×f ÙpgÊ
gÉ×f k Å Ú× Ú eÖpqÈ×Ö id Ö×ÌÖÉf×gedeÅpg ×eqpq id e×hjgÅÍq× Ù× hpËÌedÇ× id Ìiqf dÌÌÖpÌÖÅÉ× dqÐ
ÙpggÉ×f ×g hpqÖf Ù× eÖdÅe×Ë ×ge Ú ô Ö k h×f feÖdeÉÇÅ×f dÙdÌedeÅÈ×f Ù× Ç×feÅpg Ù×f ÙpggÉ×f g×
fq f×ge Ìdf Ú æ×f ÖÉfqiedef pÎe×gqf ipÖf Ù×f de×iÅ×Öf Pö  pge hpgè ÖËÉ h× id k hdÖ dqhqg× Ù×f
ÅËÌiÉË ×gedeÅpgf g ÕÉedÅe id Ë × Åii×qÖ× ÌpqÖ epqf i×f ß ×qÐ Ù× ÙpggÉ×f Ë diÇÖÉ h×f feÖdeÉÇÅ×f
dÙdÌedeÅÈ×f Ú Pdh× Æ h× ÌÖpÎilË × k i× ÙÉÈ× ipÌÌ ×Ë ×ge Ù× feÖdeÉÇÅ×f dÙdÌedge ÙêgdË ÅÍq×Ê
Ë ×ge i×qÖ ÌdÖhpqÖf Ù× i Õ×fÌdh× Ù× Ö×hj×Öhj× ×g ÄpgheÅpg Ù×f ÙpggÉ×f ×fe qg× die×ÖgdeÅÈ×
ÅgeÉÖ×ffdge× Ú
Ñ  r! $ﬁ `` "# #ﬀﬁ [$ﬁ  Ô#ﬁ #Õ!$ﬁ [$ﬁ Ö $!× [$
[ﬀÔ$ﬁ
 ÕdqeÖ×f eÖdÈdqÐ e× if Íq×  söG
ä
ã k
Ø
ô
Ø
ä
Ü k sGö
ä
Ý pge ËpgeÖÉ Íq× i×f pÎf×ÖÈdeÅpgf
Åffq×f Ù× i ÕÉeqÙ× Ù×f ß ×qÐ Ù× ÙpggÉ×f ÌpqÈdÅ×ge óeÖ× dqffÅ qeÅi×f Ùdgf Î ×dqhpqÌ Ù ÕdqeÖ×f
ÙpËdÅg×f k Ù× id ÌÖÉÙ ÅheÅpg Ù× Ì ×ÖÄpÖËdgh× k id ÙÉe×ÖËÅgdeÅpg Ùq f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe k
i ÕÉhjdgeÅiipggdÇ× k Æ id ÇÉgÉÖdeÅpg Ù× ß ×qÐ Ù× ÙpggÉ×f fêgejÉeÅÍq×f Ú
dgf  söG
ä
ã k sGö
ä
Ý k id Ù ÅfeÖÅÎqeÅpg Ù× id ÎpÖÙqÖ× ÌpfÅeÅÈ× ×fe hpgfÅÙÉÖÉ× hpËË × qg
ÉiÉË ×ge hiÉ ÌpqÖ hdÖdheÉÖÅf×Ö i×f Îdf×f Ù× ÙpggÉ×f Ù× eÖdgfdheÅpgf Ú æ×f dqe×qÖf pge ÌÖpqÈÉ
Íq× epqe×f i×f Ù ÅfeÖÅÎqeÅpgf fpge ÌpffÅÎ i×f k ×e Ì ×qÈ×ge óeÖ× Ö×ghpgeÖÉ×f ×g ÌÖdeÅÍq× Ú  ×
Ìiqf k Åif ÌÖpÌpf×ge qg× ËÉejpÙ× ÌpqÖ ÇÉgÉÖ×Ö Ù×f Îdf×f Ù× ÙpggÉ×f fêgejÉeÅÍq×f Æ ÌdÖeÅÖ
Ù Õqg× Ù ÅfeÖÅÎqeÅpg Ù× ÎpÖÙqÖ× ÌpfÅeÅÈ× ×g ×geÖÉ× Ú
jpqß pqÖf Æ ÌdÖeÅÖ Ùq eÖdÈdÅi ×õ ×heqÉ Ùdgf  G
ä
) k  
Ø
ô
Ø
ä
Ü  d ÌÖpÌpfÉ qg× Ë ×fqÖ× ÌpqÖ
hdÖdheÉÖÅf×Ö id Ù×gfÅeÉ Ù×f ß ×qÐ Ù× ÙpggÉ×f Ú
Ø
iqf hpghÖle×Ë ×ge k Åif hpgfÅÙlÖ×ge id Îdf× Ù×
ÙpggÉ×f Ù× eÖdgfdheÅpgf hpËË × qg× fpqÖh× Ù ÕÅgÄpÖËdeÅpg ×e Ë ×fqÖ× i Õ×geÖpÌÅ× Ùq fÅÇgdi k
Å Ú× Ú id ÍqdgeÅeÉ Ù ÕÅgÄpÖËdeÅpg ÌÖpÙqÅe× ÌdÖ h×ee× fpqÖh× Ú æ×f dqe×qÖf pge dqffÅ Ë pgeÖÉ hpËÊ
Ë ×ge qg× e× ii× hdÖdheÉÖÅfeÅÍq× ÌpqÈdÅe óeÖ× qeÅi× Ùdgf qg ÇÖdgÙ gpËÎÖ× Ù× ÙpËdÅg×f Ú
Ø
dÖ
åt
ëIJìíîìí íì lìïì ðí ñ
'
ïòì
×Ð ×ËÌi× k h×ee× Ë ×fqÖ× Ì ×qe óeÖ× qeÅiÅfÉ× ÌpqÖ ÌÖÉÙ ÅÖ× i× gpËÎÖ× Ù× ËpeÅÄf ÄÖÉÍq×gef Æ qg
f×qÅi Ë ÅgÅËqË Ù× fqÌÌpÖe ÙpggÉ k h× ÍqÅ Ì ×ÖË ×e Ù Õ×feÅË ×Ö i× e×ËÌf Ù Õ×ÐÉhqeÅpg Ù×f diÇpÊ
ÖÅejË ×f Æ Ù× Ì ×eÅef f×qÅif Ù× fqÌÌpÖe fdgf dÈpÅÖ Æ i×f ×ÐÉhqe×Ö Ú ii× Ì ×qe dqffÅ óeÖ× qeÅiÅfÉ×
ÌpqÖ ×feÅË ×Ö fÅ qg ÉhjdgeÅiipg Ù Õqg ß ×q Ù× ÙpggÉ×f hpgeÅ×ge id Ë óË × ÍqdgeÅeÉ Ù ÕÅgÄpÖËdÊ
eÅpgf Íq× i× ß ×q Ù× ÙpggÉ×f Åg ÅeÅdi Ú ë Å h Õ×fe i× hdf k i ÕÉhjdgeÅiipg ÌpqÖÖd óeÖ× qeÅiÅfÉ ÌdÖ qg
diÇpÖÅejË × Æ id Ìidh× Ùq ß ×q Ù× ÙpggÉ×f Åg ÅeÅdi k ×e Ì ×ÖË ×eeÖd Ù ÕpÎe×gÅÖ qg× dÌÌÖpÐ ÅË deÅpg
Ùq ÖÉfqiede Ú
à
×Ì ×gÙdge k h×f eÖdÈdqÐ f× Äp hdiÅf×ge ÌÖÅghÅÌdi×Ë ×ge fqÖ id ÎpÖÙqÖ× ÌpfÅeÅÈ× Ú ô Ö k hpËË ×
gpqf È×gpgf Ù× i× ÈpÅÖ k h× hÖÅelÖ× g× fq e Ìdf ÌpqÖ hdÖdheÉÖÅf×Ö qg ß ×q Ù× ÙpggÉ×f Ú
åÞ
Ł{zu|sy u
v
y twy
~~
y {s{|suv{|ut y|

~
{vvux{|ut yv y y y tyv

åÄÄ ÛßÜâ
z  {  À| ½  Ã                  z
¹ ¢£¢£ } ¦±¨±§±µ® ®¸~ ©¦ª ®°¨¥µ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¡¹
¹ ¢£¢³  ©«­µ¨¥¨« ®¸~ ©¦ª ®°¨¥­¸ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¡¹
z º ½À  || | Ã Ã¿| ½              zº
¹ ¢³ ¢£ }®¦±¦ ¥°§®« ®¨  ±¦¯­¦®« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¹³
¹ ¢³ ¢³ °¥µ «® ¯®« ¦©«­µ¨¥¨« ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¹²
z Á |  ¼ÃÃ  Ã            zŁ
ﬀ
qfÍq Æ ÌÉfge k id hddheÉÅfdeÅpg  qg ß q  pggÉf ÉedÅe ÄdÅe Æ ÌdeÅ f hddhÊ
eÉÅfeÅÍqf f edgfdheÅpgf e ÌdÄpÅf  id  ÅfeÅÎqeÅpg  id Îpq ÌpfÅeÅÈ  pËË 
gpqf Ègpgf  i ÈpÅ k hf hÅelf fpge gÉhffdÅf Ë dÅf g Ì Ë eege Ìdf epqß pqf 
ÎÅg hddheÉÅf i eêÌ   ß qÐ  pggÉf Éeq ÅÉf Ìd if diÇpÅejË f 
dgf hee ÌdeÅ k gpqf diipgf ÌÉfge qg Éeq ÐÌÉÅË gedi ÌpqffÉ f ß qÐ
 pggÉf  Pö   æd gpqÈdqeÉ ÉfÅ dgf i Éeq  id Îpq gÉÇdeÅÈ ÍqÅ k g
hpËÌiÉË ge  id Îpq ÌpfÅeÅÈ k Ì Ë e  dÈpÅ qg hddheÉÅfdeÅpg Ìiqf èg f ß qÐ
 pggÉf  pqf ÌÉfgepgf dqffÅ hpËË ge hee hddheÉÅfeÅÍq Ì Ë e  ÐÌiÅÍq
g Çdg ÌdeÅ if Ì ÄpËdghf f diÇpÅejË f k e hpËË ge  ii Ì Ë e  pÎegÅ qg
gpqÈii hidffÅèhdeÅpg f ß qÐ  pggÉf 
ç gpe hpggdÅffdgh k hee Éeq fe id ÌË Ål Æ f ÅgeÉff Æ id hpËÌÉjgfÅpg f
ß qÐ  pggÉf Ìpq if ËpeÅÄf ÄÉÍqgef g qeÅiÅfdge iq Îpq gÉÇdeÅÈ 

Jí JISí ññí HïòïHìl òïì I J íì H ñï Hïì I J ðí  íî ðí ðIJJlí
   ![$ $×` Ô#\ $ "$ [$ﬁ Ö $!× [$ [ﬀÔ$ﬁ
 ÙÚ ÙÚ 
ÜåÞå Ýåûâ âþ Üß âäÞÛû
æf ÐÌÉÅË gedeÅpgf pge ÉeÉ õheqÉf fq if Íqdepi ß qÐ  pggÉf ÌÉfgedeÅÄf
qeÅiÅfÉf ipf f de iÅf Pö   p Î   jdÍq ß q  pggÉf d ÉeÉ Éeq ÅÉ Ìpq ÌiqfÅqf
fqÅif Ë ÅgÅËqËf  fqÌÌpe k  fqÅif elf ÉiÈÉf Æ f fqÅif elf Ì eÅef  pq  ¡Í¢
£
¢ Å¤ ¥ ¤
£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
¥ ÄËÉ
£
ÄÉÍ¢¨§
£
¥ ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
¥ § 
££
¨§ Å¤
£
ÄÉÍ¢¨§
£
¦¨§ É§É   É
£
 ¦¢
£
¡È¦¨
£
É§¢ ÅÉ ¤¡  Å
£
§ÅÎ¢§ Å¦¨  ¤¢
£
Ë ¦§ ÅÄ
£
Ì¡ ¡ÌÌ¦§ Æ ¤¢
§¡Å¤¤ ¥ Å   ¤ ¨¦ËÎ  Ë ¦§ ÅÄ
£
Ì¡ ¨ ÅÈ¡¢  © Æ ¤¡ §¡ Å¤¤ 
£
Ì ¤¢
£
Ç¡¨
£
Ë ¦§ ÅÄ
£
  ª
Ì ¤¢
£
¥ ¨¦¢
£
¡È¦¨
£
É§¢ ÅÉ ¤¡  Å
£
§ÅÎ¢§ Å¦¨  ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ §  ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
¥ ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
¥ § 
££
¨§Å¤
£
ÄÉÍ¢¨§
£
 ¦ËË  ¨¦¢
£
¤ ¡È¦¨
£
È¢ ¡¢  ¡ÌÅ§ ù ¥ ¤ ¨
£
ËÎ ¤ 
£
ÄËÉ
£
¨ 
£
§ Ì¡
£
ÄËÉ Ì¡ ¤ Î¡
£
¥ § ¦¨ ¤¡ ¨¦§ Å¦¨ 
Î¦¢ ¨ Ì ¢§ ó§ ¡ÌÌ ¤ÅÍ¢É ¡¨
£
 ¡
£

¦¢ Ë ¨ 
£
ÐÌÉÅË ¨§¡§Å¦¨
£
¥ ¨¦¢
£
¡È¦¨
£
¢§Å¤Å
£
É 
£
ÅË Ì ¤ÉË ¨§¡§Å¦¨
£
 ¡¤Ç¦Ê
Å§ Ë 
£
 Å
£
Ì¦¨ ÅÎ ¤
£ £
¢ ¤
£
Å§ ¢ Pö   ¦Î   æ¡ É¦¢È§ 
£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
¥ 
£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
Ë ¡Ð ÅË ¡¢Ð § 
£
ÄËÉ
£
ÄÉÍ¢¨§
£
¡ É§É õ§¢É Æ Ì¡§ Å 
£
¡¤Ç¦Ê
Å§ Ë 
£ FPClose
§
FP − growth∗
  G«¬  æ ÅË Ì ¤ÉË ¨§¡§Å¦¨  ¤ ¡¤Ç¦Å§ Ë 
Apriori
  
E
¦«¬ ¡ É§É ¡¡Ì§É Ì¦¢ É¦¢ÈÅ ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ 
£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
¥ ¡Å¨
£
Å
Í¢ Ì¦¢ É¦¢ÈÅ ¤
£
Ë ¦§ ÅÄ
£
ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
¥ 
££
¨§ Å¤
£
ÄÉÍ¢¨§
£
§ ¤¢
£
Î¦¢
£

 ÙÚ Ù­ ®
àá ûÞÛÞà âþ Üß âäÞÛáþ
çè¨  É¡¤Å
£
 ¢¨ ¦ËÌ¡¡ Å
£
¦¨ ¡È ¤
£
É
£
¢¤§¡§
£
  G«© ¥ ¨¦¢
£
ÌÉ
£
¨§¦¨
£
ÌÅ¨Ê
ÅÌ¡¤Ë ¨§ ¤
£
É
£
¢¤§¡§
£
ÐÌÉÅË ¨§¡¢Ð ¦Î§¨¢
£ £
¢ ¤
£
ß ¢Ð  ¦¨¨É
£ Chess
¥
Pumsb
¥
Connect
¥
Pumsb∗
¥
Mushroom
¥ §
T10I4D100K
 æ
£
É
£
¢¤§¡§
£
ÐÌÉÅË ¨§¡¢Ð É§¡Å¤¤É
£
Ì¦¢ §¦¢
£
¤
£
ß ¢Ð  ¦¨¨É
£
 Pö 
£
¦¨§ ÉÅ§
£
¡¨
£
 P¤¦«¯ 
ª¡¨
£
¤¡
£
¢ Å§  §§
£
§Å¦¨ § ¡¨
£
¤
£
 ÅõÉ¨§
£ £
 ÉË ¡
£
¥ ¨¦¢
£
¢§ Å¤Å
£
¦¨
£
¤
£
¨¦§¡Ê
§ Å¦¨
£ £
¢ ÅÈ¡¨§
£ °
F
%
-')6* 6+
.
/
#
&'*
FClosed
%
-')6* 6+
% .
* 6+
.
/
#
&'*
FGen
%
-')6*
$.
&
.
+
"
'
#
+* 6+
.
/
#
&'*
FEss
%
-')6* **&')2* 6+
.
/
#
&'*
æ §¡Î ¤¡¢ ± © Ë ¦¨§ ¢¨ É ¡¨§ Å¤¤¦¨ 
£
É
£
¢¤§¡§
£
¦Î§¨¢
£
Ì¡ ¨¦
£
ÐÌ ÉÅË ¨§¡§ Å¦¨
£

¡ Ð ËÌ ¤ ¥ Ì¦¢ ¢¨
£
¢ Å¤ ËÅ¨ ÅË¢Ë  ¬«
F
¥
Chess
¡ ¯¯ Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
 §¡ Å¤¤ ² ¥
©¬ùù© Ë ¦§ ÅÄ
£
ÄËÉ
£
ÄÉÍ¢¨§
£
 §¡ Å¤¤ ² ¥ ²²«± Ë ¦§ ÅÄ
£
ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
 §¡ Å¤¤ ²
§ ±ù¬¬ Ë ¦§ ÅÄ
£

££
¨§ Å¤
£
ÄÉÍ¢¨§
£
 §¡ Å¤¤ ² 
¦¢
£
¡¤¤¦¨
£
É§¢ Å ¨¦
£
É
£
¢¤§¡§
£
ÐÌÉÅË ¨§¡¢Ð Ì¡ ¡ÌÌ¦§ Æ §¦ Å
£
ÌÅ¨ÅÌ¡¢Ð ¡
£
Ê
Ì §
£ °
³
´
 µ
ìðí íîWl òTíJìï ñí ðí  íî ðí ðIJJlí
é
¤¡  Å
£
§ÅÎ¢§ Å¦¨ 
£
Î¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
¥
é
¤¡  Å
£
§ÅÎ¢§ Å¦¨ 
£
Î¦¢
£

£
ÌÉ
£
¨§¡§Å¦¨
£
¦¨¨
£
É
£
¥
é
¤¡
£
§¡ÎÅ¤Å§É 
£
 Å
£
§ÅÎ¢§ Å¦¨
£
¤¡§ ÅÈË ¨§ ¡¢Ð È¡Å¡§ Å¦¨
£

£
¢ÌÌ¦§ 
¶·¸¹ º¸·
F FClosed FGen FEss F FGen FEss
º»¼¸
Bd− Bd+ Bd− Bd+ Bd− Bd+
½ ¾¿ ÀÁ ¾¿ ¾¿ À¾ À¾ ½ À¾ ½
À ÂÃÄ ÅÅÂ ÂÀÂ ÂÀÂ ÅÀÃ ÅÃÁ À ÅÃÁ ½ÆÃ
Å Ã¿ÆÃ À¾ÄÂ ÁÄÀÂ ÆÀÆ¿ ÃÀÂ ½ ÃÂÂ ÅÆ ÆÅÁÄ Â¾Å
Æ ¾Ã¾ÂÃ ½ÅÀÀ ½ ÆÆ¿ÃÄ ÄÀÂÅ ÅÅÁ½ Ã ÅÆÆ¿ ÀÄÂ Â¾ ½Ã Å ½ÁÂ
¾ ÀÁÅ¿ÄÃ ÆÃ¿¿À ½Á¿ ½Ä ½ ½ÄÅ¾ ½¿ ½½Â ÂÃ ½¿ ½ÁÂ ½ÅÆÅ ½ÁÄÆ ½½ÂÄ
Ä Ã¿ÁÂ¿¿ ½ÅÁ¾ÄÆ Æ¾ÄÂÀÄ ½½Ä À ½Æ¿¾ ÆÅÃ À ½Æ ½Ä ÆÂÁÄ ÅÄ ½¿Ã
Á ÀÀ¾¾ ½¾Ã Å¿ÅÄÄ ½ ÂÁ¾ÃÅÂ ½ ÅÅÁ½½ ½ÅÄÃ ÅÅÁÀ¿ ½½ÃÄÅ ½
Â ÆÀÁÄÂ¾À ¾Æ¿ÂÄ ½ ½À ½Ä¾¿ ½ ÅÃÃ ½¿ ÅÄÂÄ ÅÃÃ ½¿ ÀÀ¾À ½
Ã ÄÀÃ ½ÂÆÂ ÁÂÁ½ÆÅ ½ÀÅ ½½ÄÀ ÅÅÂÃ¿ ÂÀ¿¿ ÅÅÂÃ¿ Å ½½ÅÁ
½¿ ÁÀÄÅÅ ½À ÃÆ¿¾¿Æ Ã¿ÅÃÃÄ À ½ÂÃÆ ½ÆÂ¿Æ À ½ÂÃÆ ÅÀÀÆÅ
½½ ÄÄÀÄÂ¿ ½ ÃÀÅÅ ½¿ ÆÁÆÄ ½Â ½¿ ½Ä¿ À ½½ÂÅ ½¿ ½Ä¿ À¾ÆÃ ½
½À ÆÁÃ¿ÂÀÁ ÁÆ¿ÁÁÅ ½ÁÀÄÂÂ Å¾¿Á ÀÆÄÅÂ Å¾¿Á ½¾ÅÀÄ
½Å ÀÁÅÂ¿ÂÃ ÆÂ ½ÆÃÃ Æ ½½ÂÄ ÁÃ ½ ÀÅÁÄÄ ÁÃ ½ ÄÆ¿Å
½Æ ½ÀÀÁÁ¿À À¾¿Á½¾ ¾ÁÂÁ ½½Æ ½Â¿ÂÂ ½½Æ ½Ã¾ ½
½¾ ÆÀ¾ÂÃÄ ½¿ÀÃÁÁ ÅÄ¿ Â ½¿ÃÅÆ Â Å ½Æ
½Ä ½½½ÁÀÄ ÅÀÂÁ¾ Å ¾¿Â¾ Å
½Á À ½ÅÀÂ ÁÃ¿Â ½ÁÅÆ
½Â ÀÁ¾Á ½ÅÁ¿ ÆÃÄ
½Ã À¿Ä ½Æ¾ ÃÁ
À¿ Ä Ä Ä
·Ç·ÈÉ ÅÁÀÂÀÃÄÀ ¾Å ½ÄÆÄÁ ¾Ä¿ ½ÂÀÂ ½Å ½¾Å ½Â¿ ½Ä ½ ½ÅÆÄÀÆ ½Â¿ÆÅÂ ½¾ÅÂÁÄ ½¾ ½½Á ¾ÆÁÁ
ÊËÌ  ± ©
é Chess
¡§¡
£
§ ¥
minsup = 30%
K ÍÎÏÐÍÑÒÏÍÓÔ ÕÖÎ ÑÓÐÕÒÐÖÎ ÕÖÎ ×ÓÏÍØÎ ØÐÙÚÒÖÔÏÎ
¦¨
£
ÅÉ¦¨
£
¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ § ¨ÉÇ¡§ÅÈ 
£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

£ £
ÅÐ ß ¢Ð  ¦¨¨É
£
¦¨
£
ÅÉÉ
£
èÇ¢ ± © 
Û§¢ Å¦¨
£
¤¡  Å
£
§ÅÎ¢§ Å¦¨  ¢¨ Î¦¢ Ì¡ ¡ÌÌ¦§ Æ ¤ ¡¢§ ¥ § ¨¦§¡ËË ¨§ ¤¡ c Å
£
Ê
§¡¨ c ¨§ ¤
£
¢Ð Î¦¢
£
 ¨§¢ Å§ÅÈË ¨§ ¥  ¡Í¢  Å
£
§ÅÎ¢§ Å¦¨ Ì Ë § 
£
Å§¢ ¤ ËÊ
Ì ¤¡Ë ¨§ 
£
Ë ¦§ÅÄ
£
¦
£
Ì¦¨¡¨§
£
¡¨
£
¤ 
£
Ì¡      çÅ¨
£
Å ¥ ¤ É§¢ 
£
 Å
£
Ê
§ÅÎ¢§Å¦¨
£

£
Î¦¢
£
Ì¦
£
Å§ ÅÈ § ¨ÉÇ¡§ÅÈ Ì Ë § 
£
Å§¢ Ç ¤¦Î¡¤Ë ¨§ ¦ø
£
¦¨§ 
£
¢Ð Î¦¢
£
¤ ¢¨ Ì¡ ¡ÌÌ¦§ Æ ¤ ¡¢§ ¡¨
£
¤ 
£
Ì¡      ª¡¨
£
 ¦¨§Ð§ ¥
¤¡  Å
£
§¡¨ ¨§ 
£
 Å
£
§ÅÎ¢§ Å¦¨
£
ÌÉ
£
¨§ ¤ 
£
Ì¡     c
£
ÉÌ¡¡¨§ c ¤
£
¢Ð
Î¦¢
£
 §§ Ì¡§ Å  ¤ 
£
Ì¡     
£
§ Ì¡§Å¢¤ÅÜË ¨§ Å¨§É
££
¡¨§ ¡  ¢¨
Ì¦ Å¨§  È¢ § É¦ÅÍ¢ ¥ ¤ 
£
Ì¡     
£
§ ¨§ÅÜË ¨§ ¡¡§ÉÅ
£
É Ü
£
¤¡ É¦¢È§
 ¤ ¢¨ 
£
¢Ð Î¦¢
£

£
§ Å¦¨ © 
ª Ë ¡¨ ÅÜ ÇÉ¨É¡¤ ¥ ¨¦¢
£
¦Î
£
È¦¨
£
¢Ð ¦ËÌ¦§Ë ¨§
£
 Åõ É¨§
£
Ì¡ ¡ÌÌ¦§ Æ
¤¡ c Å
£
§¡¨ c ¨¦§É
d
 ¨§ ¤
£
¢Ð Î¦¢
£
 ¦¢
Chess
§
Pumsb
èÇ¢ ± © ¥ ¤
£
 Å
£
§ÅÎ¢§Å¦¨
£

£
¢Ð Î¦¢
£ £
¦¨§ §Ü
£
Ì¦  
£

d = 4
 ¥ Å   ¤
£
¦ËË §  ¤¡ ¦¢Î  
¤¡ Î ¦¢ ¨ÉÇ¡§ ÅÈ  
£
§
£
¢¤Ë ¨§ Í¢¤Í¢
£
¨ ÅÈ¡¢Ð ¡È¡¨§ ¤¢ Å  ¤¡ Î¦¢ Ì¦
£
Å§ÅÈ
©ù  Û¨ È¡¨  ¥ ¤
£
ß ¢Ð  ¦¨¨É
£ Connect
¥
Pumsb∗
§
Mushroom £
¦¨§  ÅõÉ¨§
£ °
¤¡  Å
£
§¡¨ ¨§ ¤¢
£
¢Ð Î¦¢
£

£
§ ÅËÌ¦§¡¨§ 
d = 14
Ì¦¢
Connect
¥
d = 12
Ì¦¢
Pumsb∗
¥ §
d = 14
Ì¦¢
Muhroom
  æ ß ¢  ¦¨¨É
£ T10I4D100K
¡ ¤¢ Å ¡¢
££
Å ¢¨
Ý
Jí JISí ññí HïòïHìl òïì I J íì H ñï Hïì I J ðí  íî ðí ðIJJlí
 0
 5000
 10000
 15000
 20000
 25000
 30000
 35000
 40000
 0  2  4  6  8  10  12  14  16  18  20
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Chess minsup 30% (959)
Bd-(F)
Bd+(F)
 0
 50000
 100000
 150000
 200000
 250000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb minsup 50% (24523)
Bd-(F)
Bd+(F)
 0
 25000
 50000
 1  2  3  4  5  6  7
N
om
br
e
Taille des motifs
Bd+(F)
 0
 5e+06
 1e+07
de
 m
ot
ifs
T10I4D100K minsup ~0.01% (11)
Bd-(F)
 0
 500
 1000
 1500
 2000
 2500
 3000
 3500
 4000
 4500
 5000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 30% (20268)
Bd-(F)
Bd+(F)
 0
 5000
 10000
 15000
 20000
 25000
 0  5  10  15  20  25  30  35  40
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 10% (4905)
Bd-(F)
Bd+(F)
 0
 5000
 10000
 15000
 20000
 25000
 30000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Mushroom minsup 0.1% (9)
Bd-(F)
Bd+(F)
  ± ©
é E
¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
Þ
´
 µ
ìðí íîWl òTíJìï ñí ðí  íî ðí ðIJJlí
Ä¡ ÅÎ ¤  Å
£
§¡¨ ¨§ ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ § ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ  j¦¢§Ä¦ Å
£
¥ Å¤ 
£
§  ÅõÉ¨§

Chess
§
Pumsb
Ì¢ Å
£
Í¢ 
£
Î¦¢
£ £
¦¨§ ¦ËÌ¦
£
É
£
 Ë ¦§ ÅÄ
£
 Ì §Å§ §¡ Å¤¤ 
K ÍÎÏÐÍÑÒÏÍÓÔ ÕÖÎ ÑÓÐÕÒÐÖÎ ÕÖÎ ÐÖßÐÙÎÖÔÏàÏÍÓÔÎ áÓÔÕÖÔÎÙÖÎ
¦¨
£
ÅÉ¦¨
£
Ë ¡ Å¨§¨¡¨§ ¤
£
Î¦¢
£

£
Ë ¦§ ÅÄ
£
ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
èÇ¢ ± ù §

££
¨§ Å¤
£
ÄÉÍ¢¨§
£
èÇ¢ ± ¬ Ì¦¢ ¤
£
ß ¢Ð  ¦¨¨É
£ Chess
§
Connect

 0
 5000
 10000
 15000
 20000
 25000
 30000
 35000
 40000
 0  2  4  6  8  10  12  14  16
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Chess minsup 30% (959)
Bd-(FGen)
Bd+(FGen)
 0
 5000
 10000
 15000
 20000
 25000
 30000
 35000
 1  2  3  4  5  6  7  8
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 30% (20268)
Bd-(FGen)
Bd+(FGen)
 0
 50000
 100000
 150000
 200000
 250000
 0  2  4  6  8  10  12  14  16  18  20
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb minsup 50% (24523)
Bd-(FGen)
Bd+(FGen)
 0
 5000
 10000
 15000
 20000
 25000
 30000
 35000
 0  2  4  6  8  10  12  14
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 10% (4905)
Bd-(FGen)
Bd+(FGen)
  ± ù
é E
¦¢
£

£
Ë ¦§ ÅÄ
£
ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
¦ËË  ¤ Ë ¦¨§¨§ ¤
£
èÇ¢
£
± ù § ± ¬ ¥ ¤¡  Å
£
§ÅÎ¢§ Å¦¨ 
£
¢Ð Î¦¢
£

££
ËÎ ¤
¨¦ Æ ¢¨ c¦¢Î  ¨ ¤¦   c  ¦ËÌ¦§Ë ¨§ É§¡¨§ ¡¢
££
Å ¦Î
£
ÈÉ Ì¦¢ ¤
£
Î¦Ê
¢
£

£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
¥  §êÌ   ¦¢Î 
£
ËÎ ¤ ¦¨ Å¨ÉÌ ¨¡¨§ ¢ ÌÉ Å¡§ ¡¨§ÅÊ
Ë ¦¨¦§¦¨ ¦¨
£
ÅÉÉ  ª Ì ¤¢
£
¥ ¤¡  Å
£
§¡¨ ¨§ ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ § ¤¡ Î¦¢ Ì¦
£
Å§ÅÈ

£
§ Ì §Å§ Ì¦¢  ¡¢¨  
£
ÌÉ
£
¨§¡§ Å¦¨
£
¦¨¨
£
É
£

æ ËóË  ¦ËÌ¦§Ë ¨§ ¡ É§É ¦¨
£
§¡§É Ì¦¢ §¦¢§
£
¨¦
£
ÐÌÉÅË ¨§¡§Å¦¨
£
 P¤¦«¯ 
â
ÏàÑ ÍDÍÏÙ ÕÖÎ ÕÍÎÏÐÍÑÒÏÍÓÔÎ
¦¢
£
É§¢ Å¦¨
£
Ë ¡ Å¨§¨¡¨§ ¤¡ È¡Å¡§Å¦¨ ¢
£
¢ Å¤ Ë Å¨ ÅË¢Ë 
£
¢ÌÌ¦§ Ì¡ ¡ÌÌ¦§
Æ ¤¡  Å
£
§ÅÎ¢§Å¦¨ 
£
Î¦¢
£

£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
 ¡ ÐËÌ ¤ ¥ ¦¨
£
ÅÉ¦¨
£
¤
£
ß ¢Ð
ã
Jí JISí ññí HïòïHìl òïì I J íì H ñï Hïì I J ðí  íî ðí ðIJJlí
 0
 1000
 2000
 3000
 4000
 5000
 6000
 7000
 8000
 9000
 1  2  3  4  5  6  7
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Chess minsup 30% (959)
Bd-(FEss)
Bd+(FEss)
 0
 1000
 2000
 3000
 4000
 5000
 6000
 1  1.5  2  2.5  3  3.5  4
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 30% (20268)
Bd-(FEss)
Bd+(FEss)
 0
 5000
 10000
 15000
 20000
 25000
 1  2  3  4  5  6  7
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb minsup 50% (24523)
Bd-(FEss)
Bd+(FEss)
 0
 5000
 10000
 15000
 20000
 25000
 30000
 35000
 0  2  4  6  8  10  12
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 10% (4905)
Bd-(FEss)
Bd+(FEss)
  ± ¬
é E
¦¢
£

£
Ë ¦§ ÅÄ
£

££
¨§ Å¤
£
ÄÉÍ¢¨§
£
 ¦¨¨É
£ Chess
¥
Connect
¥
Pumsb
¥ §
Pumsb∗
Ì¦¢ 
£ £
¢ Å¤
£
ËÅ¨ ÅË¢Ë
£

£
¢ÌÌ¦§
 Åõ É¨§
£
 æ¡ èÇ¢ ± ² ÌÉ
£
¨§
£
¢ ¢¨ ËóË  ¤ÅÇ¨ ¤
£
 Å
£
§ÅÎ¢§ Å¦¨
£

£
Î ¦¢
£

 ¡¢¨ 
£
ß ¢Ð  ¦¨¨É
£
É§¢ ÅÉ
£
Ì¦¢ §¦ Å
£ £
¢ Å¤
£
ËÅ¨ ÅË¢Ë
£

£
¢ÌÌ¦§
£
 Åõ É¨§
£

ª Ë ¡¨ ÅÜ
£
¢Ì¨¡¨§ ¥ ¤¡ Ì¦
£
Å§ Å¦¨ ¤¡§ ÅÈ 
£
Î¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
¡ÌÊ
Ì¡¡Ï§ ¤¡§ÅÈË ¨§ f

dä Ì¡ ¡ÌÌ¦§ Æ ¤¡ È¡Å¡§ Å¦¨ ¢
£
¢ Å¤ Ë Å¨ ÅË¢Ë 
£
¢ÌÌ¦§  ¡
Ð ËÌ ¤ ¥ ¤¡  Å
£
§¡¨ ¨§ ¤
£
¢Ð Î¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

£
§ §¦¢ß ¦¢
£
ÅË Ì¦§¡¨§
Ì¦¢
Connect
¥ § §¦¢ß ¦¢
£
Ä¡ ÅÎ ¤ Ì¦¢
Chess
èÇ¢ ± ² ¥ ¢Ð ÌË ÅÜ
£
¤ÅÇ¨
£
  §§
¦Î
£
È¡§Å¦¨
£
¢ÇÇÜ ¢¨
£
¦§ 
£
§¢§¢ Ç ¤¦Î¡¤ 
£
¦¨¨É
£
Ì ¢
£
¨
£
ÅÎ ¤ ¡¢Ð È¡Å¡§Å¦¨
£
¢
£
¢ Å¤ Ë Å¨ ÅË¢Ë 
£
¢ÌÌ¦§ 
¦§¦¨
£
Í¢ ¨ ¡ÌÌ¡¨ ¤¡  Å
£
§ÅÎ¢§ Å¦¨  ¤¡ Î¦¢ Ì¦
£
Å§ÅÈ 
Mushroom £
ËÎ ¤
Ë ¦ Å¨
£ £
§¡Î ¤ Í¢ ¤
£
¡¢§
£
 j¦¢§Ä¦ Å
£
¥ ¨ É§¢ Å¡¨§ ¢¨ Ì ¤¢
£
Ç¡¨ ¨¦ËÎ 
£
¢ Å¤
£

£
¢ÌÌ¦§  P ¤¦«¯ ¥ Å¤ ¡ÌÌ¡¡Ï§ Í¢
£
¡  Å
£
§ÅÎ¢§ Å¦¨ ÉÈ¦¤¢ §Ü
£
ÉÇ¢¤ÅÜË ¨§  æ¡  Å
£
§ÅÎ¢§ Å¦¨
 ¤¡ Î¦¢ Ì¦
£
Å§ÅÈ 
£
§ §¦¢ß ¦¢
£
¦¨
£
§ Å§¢É  ¢Ð cÌÅ
£
c¥ Å   ¢Ð ¡¢ÇË ¨§¡§ Å¦¨
£
¢
¨¦ËÎ  Ë ¦§ ÅÄ
£ £
¢ ÅÈ Å  ¢¨  ÅË Å¨¢§Å¦¨  
£
¢Ð ÌÅ
£
¡¢ÇË ¨§¨§ §¦¢
£
¢Ð Ì¦Ç
££
ÅÊ
ÈË ¨§ ¡È ¤¡ Î¡ Å
££
 ¢
£
¢ Å¤ 
£
¢ÌÌ¦§ ¥ Ë ¡ Å
£
¡È ¢¨ Å¨§¨
£
Å§É  ÅõÉ¨§  æ ¨¦ËÎ 
Ç¡¨
£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
¤
£
¦¨ cÌÅ c 
£
§  Ì ¤¢
£
¨ Ì ¤¢
£
ÅËÌ¦§¡¨§ ¡È ¤¡  ÅË Å¨¢§Å¦¨
¢
£
¢ Å¤ 
£
¢ÌÌ¦§  ª Ì ¤¢
£
¥ ¤¡ Î¦¢ ¨ÉÇ¡§ ÅÈ 
£
§ §¦¢ß ¦¢
£
Ì ¤¢
£
cÎ¡
££
 c Í¢ ¤¡ Î ¦¢
Ì¦
£
Å§ ÅÈ 
ª Ë ¡¨ ÅÜ ÇÉ¨É¡¤ ¥ §§
£
§¡ÎÅ¤Å§É ¡ É§É ¦Î
£
ÈÉ Ì¦¢ §¦¢§
£
¨¦
£
ÐÌÉÅË ¨§¡Ê
³Q
´
 µ
ìðí íîWl òTíJìï ñí ðí  íî ðí ðIJJlí
 0
 5000
 10000
 15000
 20000
 25000
 30000
 35000
 40000
 0  2  4  6  8  10 12 14 16 18 20
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Chess minsup 30% (959)
Bd-(F)
Bd+(F)
 0
 500
 1000
 1500
 2000
 2500
 3000
 3500
 0  2  4  6  8  10  12  14  16
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Chess minsup 50% (1598)
Bd-(F)
Bd+(F)
 0
 20
 40
 60
 80
 100
 120
 140
 1  2  3  4  5  6  7  8  9  10
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Chess minsup 80% (2557)
Bd-(F)
Bd+(F)
 0
 500
 1000
 1500
 2000
 2500
 3000
 3500
 4000
 4500
 5000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 30% (20268)
Bd-(F)
Bd+(F)
 0
 200
 400
 600
 800
 1000
 1200
 1400
 1600
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 50% (33779)
Bd-(F)
Bd+(F)
 0
 50
 100
 150
 200
 250
 300
 0  2  4  6  8  10  12  14  16
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 80% (54046)
Bd-(F)
Bd+(F)
 0
 50000
 100000
 150000
 200000
 250000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb minsup 50% (24523)
Bd-(F)
Bd+(F)
 0
 5000
 10000
 15000
 20000
 25000
 30000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb minsup 60% (29428)
Bd-(F)
Bd+(F)
 0
 500
 1000
 1500
 2000
 2500
 3000
 0  2  4  6  8  10  12  14
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb minsup 80% (39237)
Bd-(F)
Bd+(F)
 0
 5000
 10000
 15000
 20000
 25000
 0  5  10  15  20  25  30  35  40
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 10% (4905)
Bd-(F)
Bd+(F)
 0
 500
 1000
 1500
 2000
 2500
 3000
 0  2  4  6  8  10  12  14  16  18
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 25% (12262)
Bd-(F)
Bd+(F)
 0
 500
 1000
 1500
 2000
 2500
 0  2  4  6  8  10  12  14
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 40% (19619)
Bd-(F)
Bd+(F)
 0
 5000
 10000
 15000
 20000
 25000
 30000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Mushroom 0.1% (9)
Bd-(F)
Bd+(F)
 0
 2000
 4000
 6000
 8000
 10000
 12000
 14000
 0  2  4  6  8  10 12 14 16 18 20
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Mushroom 1% (82)
Bd-(F)
Bd+(F)
 0
 200
 400
 600
 800
 1000
 1200
 1400
 0  2  4  6  8  10  12  14  16
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Mushroom 10% (813)
Bd-(F)
Bd+(F)
  ± ²
é E
¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
Ì¦¢ 
£ £
¢ Å¤
£
Ë Å¨ ÅË¢Ë
£

£
¢ÌÌ ¦§  Åõ É¨§
£
³ k
Jí JISí ññí HïòïHìl òïì I J íì H ñï Hïì I J ðí  íî ðí ðIJJlí
§ Å¦¨
£
 P ¤¦«¯  ª Ì ¤¢
£
¥ Å¤ ¡ÌÌ¡¡Ï§ Í¢ ¤
£
 Å
£
§ÅÎ¢§ Å¦¨
£

£
¡¢§
£
¨
£
ËÎ ¤
£
É§¢ ÅÉ
£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
¥ ÄËÉ
£
ÄÉÍ¢¨§
£
¥ ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
¥ 
££
¨§ Å¤
£
ÄÉÍ¢¨§
£
§ ¤¢
£
Î¦¢
£

£
¦¨§ ¡¢
££
Å ¤¡§ÅÈË ¨§
£
§¡Î ¤
£
¤
£
¢¨
£
Ì¡ ¡ÌÌ¦§ ¡¢Ð ¡¢§
£

 X å\`æçè [éê ëìí[îíéê êîí ïéê æï_ìíðèñ\éê
ª¡¨
£
§§
£
§ Å¦¨ ¥ ¨¦¢
£
¡¤¤¦¨
£
É§¢ Å ¤ Å¨ò¢¨  ¤¡  Å
£
§ÅÎ¢§Å¦¨ 
£
Î¦¢
£ £
¢
¤
£ £
§¡§ÉÇÅ
£
 ÐÌ ¤¦¡§Å¦¨  ¤ 
£
Ì¡     ÌÉ
£
¨§É
£
¨  ¡ÌÅ§ ² 
¦¢
£
¡¤¤¦¨
£
Ì ¤¢
£
Ì¡§ Å¢¤ÅÜË ¨§ ¨¦¢
£
Ä¦¡¤Å
£

£
¢ ¤
£
¡¤Ç¦Å§ Ë 
£
 É¦¢È§

£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
Ë ¡Ð ÅË ¡¢Ð ¥ § ¡¤¤¦¨
£
É§¢ Å ¤
£
Ì Ä¦Ë ¡¨
£
 ¤¢ ÅËÌ ¤ÉË ¨§¡Ê
§ Å¦¨  
E
G«²  æ Å¨§Éó§   §êÌ   ¡¤Ç¦Å§ Ë 
£

£
§ 
£
 ¦¨¨§ ¢¨ ÅÍ¢Ë ¨§
£
¢ ¤ ÐÊ
Ì ¤¦¡§ Å¦¨  ¤ 
£
Ì¡     ¥ § ¨¦¨
£
¢ ¤¡ ÇÉ¨É¡§ Å¦¨ § ¤ ¦ËÌ§¡Ç  ¤ ¨
£
ËÎ ¤

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
¦ËË  ¤ Ä¦¨§ ¤
£
¡¤Ç¦Å§ Ë 
£
 É¦¢È§ 
£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

 Ù­ ÙÚ 
âÜóåÜ ÛäÝâà âÞ ô åÜãáÜâà
æ¡ èÇ¢ ± ¯ ÌÉ
£
¨§ Æ Ç¡¢  ¤
£
§ËÌ
£
 ÐÉ¢§ Å¦¨ 
£
¡¤Ç¦Å§ Ë 
£
¥ § Æ ¦ Å§
¤
£
 Å
£
§ÅÎ¢§ Å¦¨
£

£
Î¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

£
ß ¢Ð  ¦¨¨É
£
¦¨
£
ÅÉÉ
£
 ¦§¦¨
£
Í¢ ¤ ¡Ð  
£
¦¦¨¨É
£
ÌÉ
£
¨§¡¨§ ¤
£
§ËÌ
£
 ÐÉ¢§ Å¦¨ ¡ ¢¨ É ¤¤ ¤¦Ç¡Å§ ËÅÍ¢ 
ª Ë ¡¨ ÅÜ ÇÉ¨É¡¤ ¥ ¦¨ Ì ¢§ É¢ Å  ¤¡ èÇ¢ ± ¯ Í¢ ¤¡ Ì¦
£
Å§ Å¦¨ 
£
Î¦¢
£
¡¨
£
¤ 
£
Ì¡     § ¤¡  Å
£
§¡¨ ¨§ ¤¤
£
Ê Å Å¨ò¢¨¨§ ¤
£
Ì Ä¦Ë ¡¨
£

£
¡¤Ç¦Å§ Ë 
£
 Û¨ õ§ ¥ ¤
£
¡¤Ç¦Å§ Ë 
£ £
¦¨§ Ì ¤¢
£
Ì Ä¦Ë ¡¨§
£
¤¦
£
Í¢ ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ

£
§ cÎ¡
££
 c ¡¨
£
¤ 
£
Ì¡     Å   ¦ËÌ ¦
£
É  Ì §Å§
£
Ë ¦§ ÅÄ
£
  j¦¢§Ä¦ Å
£
¥ ¤¦
£
Í¢
¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ 
£
§ ¦¨
£
§ Å§¢É  Ç¡¨
£
Ë ¦§ÅÄ
£
¥ ¤
£
¡¤Ç¦Å§ Ë 
£
c¤¡
££
ÅÍ¢
£
c §¤
£
Í¢
Apriori
§
Eclat £
¦¨§ §¦¢§  ËóË  ËÅ
£
¨ É   æ õ ¡Å§É 
£
¡¢§
£
¡¤Ç¦Å§ Ë 
£
ÉÌ ¨  ¤¡ c Å
£
§¡¨ c ¨§ ¤
£
¢Ð Î¦¢
£ °
Ì ¤¢
£
¤¡  Å
£
§¡¨ ¨§ ¤
£
Î¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

£
§ ÅËÌ¦§¡¨§ ¥ Ì ¤¢
£
¤
£
¡¤Ç¦Å§ Ë 
£ £
¦¨§ Ì Ä¦Ë ¡¨§
£

¦¢ ¤ ß ¢  ¦¨¨É
£ Chess
èÇ¢ ± ¯ ¥ ÌËÅÜ ¤ÅÇ¨ ¥ ¤
£
§ËÌ
£
 ÐÉ¢§Å¦¨ 
£
¡¤Ê
Ç¦Å§ Ë 
£
¡¢ÇË ¨§¨§  Ä¡ö¦¨ ÐÌ¦¨¨§ Å¤¤ ¡È ¤¡  ÅË Å¨¢§ Å¦¨ ¢
£
¢ Å¤ ËÅ¨ ÅË¢Ë 
£
¢ÌÊ
Ì¦§  ç ¤ ¦ÌÌ¦
£
É ¥ Ì¦¢
Connect
Í¢¡§ÅÜË  ¤ÅÇ¨ ¥ Å¤
£
¡ÌÌ¡¡ Å
££
¨§ Ì
£
Í¢ ¤Å¨É¡ Å
£
Ì¦¢
¤¡ Ë ¡ß ¢ Ì¡§ Å 
£
¡¤Ç¦Å§ Ë 
£

Mafia
 
E
P
+
«¬ ¥
FPmax∗
 G«¬ ¥
LCM
 ÷aç «²
§
afopt
 ææp
+
«¬  ª Ì ¤¢
£
¥ Å¤ 
£
§ Å¨§É
££
¡¨§  ¡ÌÌ ¤ Í¢
Connect
¡ ¢¨ ¨¦ËÎ 
§¡¨
£
¡§Å¦¨
£
Ì ¤¢
£
ÅË Ì¦§¡¨§ § 
£
§¡¨
£
¡§Å¦¨
£
Ì ¤¢
£
¤¦¨Ç¢
£
Í¢
Chess
§¡Î ¤¡¢ © 
æ ËóË  §êÌ   ¦ËÌ¦§Ë ¨§ Ì ¢§ ó§ ¦Î
£
ÈÉ Ì¦¢ 
£
ß ¢Ð  ¦¨¨É
£
§¤
£
Í¢
Pumsb
§
Pumsb∗
èÇ¢ ± ¯  
£
¢Ð ß ¢Ð  ¦¨¨É
£ £
¦¨§ §Ü
£ £
ÅË Å¤¡Å
£
Ì¡ ¡ÌÌ¦§
¡¢ §êÌ   Å¨ Ä¦Ë ¡§Å¦¨
£
Í¢ Å¤
£
¦¨§ Å¨¨¨§ ¥ ¡¢ ¨¦ËÎ  ¡§ Å¤
£
¥ ¡¢ ¨¦ËÎ § Æ ¤¡ §¡ Å¤¤

£
§¡¨
£
¡§ Å¦¨
£
 ¦¢§¡¨§ ¥ ¤
£
¡¤Ç¦Å§ Ë 
£

£
§¨§ õ ¡
£
Ì¦¢ 
£ £
¢ Å¤
£
§Ü
£
Ì §Å§
£
¡È
 ¤¦¨Ç
£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
Ì¦¢
Pumsb∗
¥ ¡¤¦
£
Í¢ Ì¦¢
Pumsb
¤
£
¡¤Ç¦Å§ Ë 
£
¨ ¦¨§ Ì¡
£
³n
´
ø ù
TWïHì ðí úI òð òí ò ñí ï ñ
V
I òì
¿
Tí
 0.01
 0.1
 1
 10
 100
 1000
 0 500 1000 1500 2000 2500 3000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Chess
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0
 5000
 10000
 15000
 20000
 25000
 0  2  4  6  8  10  12  14  16  18  20
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Chess minsup 34.4% (1100)
Bd-(F)
Bd+(F)
 0.1
 1
 10
 100
 1000
 20000 25000 30000 35000 40000 45000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Pumsb
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0
 50000
 100000
 150000
 200000
 250000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb minsup 50% (24523)
Bd-(F)
Bd+(F)
 0.1
 1
 10
 100
 1000
 0 5000 10000 15000 20000 25000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Pumsb*
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0
 5000
 10000
 15000
 20000
 25000
 0  5  10  15  20  25  30  35  40
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 10% (4905)
Bd-(F)
Bd+(F)
 0.1
 1
 10
 100
 1000
 30000 40000 50000 60000 70000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Connect
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0
 500
 1000
 1500
 2000
 2500
 3000
 3500
 4000
 4500
 5000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 30% (20268)
Bd-(F)
Bd+(F)
 0.01
 0.1
 1
 10
 100
 1000
 0 500 1000 1500 2000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Mushroom
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0
 1000
 2000
 3000
 4000
 5000
 6000
 7000
 8000
 0  2  4  6  8  10  12  14  16  18
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Mushroom minsup 2.5% (200)
Bd-(F)
Bd+(F)
  ± ¯
é
Ä¦Ë ¡¨
£

£
¡¤Ç¦Å§ Ë 
£
§ Î¦¢
£

£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
³t
Jí JISí ññí HïòïHìl òïì I J íì H ñï Hïì I J ðí  íî ðí ðIJJlí
 Î¦¨¨
£
Ì Ä¦Ë ¡¨
£
¥ ËóË  Ì ¦¢ 
£ £
¢ Å¤
£
¤¡§ ÅÈË ¨§ É ¤ÈÉ
£

ª Ì ¤¢
£
¥ ¦ËË  ¤ Ë ¦¨§ ¤ §¡Î ¤¡¢ ± ù ¥ ¤ ¨¦ËÎ  Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

£
ß ¢Ð 
¦¨¨É
£ Connect
§
Pumsb∗
Ì¦¢ 
£ £
¢ Å¤
£

£
¢ÌÌ¦§ 
£
§ Î ¡¢¦¢Ì Ì ¤¢
£
ÅË Ì¦§¡¨§ Í¢
¤¢ Å 
Chess
§
Pumsb
 ô  ¤ ¨¦ËÎ  Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
Ì Ë §  
£
§ÅË  ¤¡ §¡ Å¤¤
 ¤ 
£
Ì¡     Æ Ì¡¦¢Å Å   ¤ ¨¦ËÎ  Ë ¦§ ÅÄ
£
Æ §
£
§ ¡¨
£
¤ ÌÅ ¡
£

§§ Ë ¡Í¢ 
£
§ Å¨§É
££
¡¨§ ¡ ¦¨ ¡¢¡Å§ Ì¢ Ì ¨
£
 Í¢ §§  ÅõÉ¨ É§¡Å§ ¤ÅÉ Æ
¢¨ ¨¦ËÎ Ë ¦ Å¨
£
ÅË Ì¦§¡¨§  Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
Ì¦¢ 
£
ß ¢Ð ¥  Í¢ Å ¨ 
£
§ ¦¨ Ì¡
£
¤
¡
£
¥ ÎÅ¨ ¡¢ ¦¨§¡ Å 
¦¢
Mushroom

2.5%
 §
Chess

34.4%
 ¥ ¤¡ §¡Å¤¤ 
£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
Ë ¡Ð ÅË ¡¢Ð
èÇ¢ ± ¯ § ¤ ¨¦ËÎ  Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
§¡Î ¤¡¢ ± ù
£
¦¨§ ¤¡§ ÅÈË ¨§ Å¨§ ÅÍ¢
£

j¦¢§Ä¦ Å
£
¥ ¤
£
¡¤Ç¦Å§ Ë 
£ £
¦¨§ Ì ¤¢
£
õ ¡
£
¡È
Mushroom

¦ËÎ  Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
Chess
ËÅ¨
£
¢Ì ¬² ²
F
©± û±¬ ¬²ù
Connect
ËÅ¨
£
¢Ì ¬«
F
© ¬¬ © ±û¬ ¬±û
Pumsb
ËÅ¨
£
¢Ì ¯«
F ≈ 1, 65× 108
Pumsb∗
ËÅ¨
£
¢Ì ©«
F ≈ 5, 5× 1011
Mushroom
Ë Å¨
£
¢Ì ù ¯
F
© «² ¯û
ÊËÌ  ± ù
é
¦ËÎ  Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
Ì¦¢ ¤
£
ß ¢Ð  ¦¨¨É
£
§
£
¢ Å¤
£
ËÅ¨ ÅË¢Ë
£

£
¢ÌÌ¦§ É§¢ ÅÉ
£
 Ù­ Ù­ ü
äÛûýàâ ãâà Üàá ûÞÛÞà
ÛÐÌÉÅË ¨§¡¤Ë ¨§ ¥ ¨¦¢
£
¡È¦¨
£
¦¨
£
§¡§É ¤ Å¨ò¢¨ 
£
Î¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
£
¢ ¤
£
¡¤Ç¦Å§ Ë 
£
 ¦¢
£
¡¤¤¦¨
£
Ë ¡ Å¨§¨¡¨§ É§¢ Å ¤
£ £
§¡§ÉÇÅ
£
ËÌ ¤¦êÉ
£
Ì¡ 
£
¡¤Ç¦Ê
Å§ Ë 
£
§ ¤ Å¨ò¢¨  ¤¡  Å
£
§¡¨ ¨§ ¤
£
Î¦¢
£ £
¢ 
£ £
§¡§ÉÇÅ
£

¦¢ ¤
£
¡¤Ç¦Å§ Ë 
£
c¤¡
££
ÅÍ¢
£
c §¤
£
Í¢
Apriori
¦¢
Eclat
¥ ¤
£
Ì Ä¦Ë ¡¨
£ £
¦¨§
¦¨ Å§ Å¦¨¨É
£
¨ Ç¡¨ Ì¡§Å Ì¡ ¤¡  Å
£
§ÅÎ¢§ Å¦¨  ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ  Û¨ õ§ ¥ 
£
¡¤Ç¦Å§ Ë 
£
¦ ÅÈ¨§ Ì¡¦¢Å ¤ ¨
£
ËÎ ¤ 
£
Ë ¦§ÅÄ
£
¦¢È§
£
Ì¡ ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ ¥ Å 
Å¨¤¢
£
¡¨
£
¢¨ Ë ¦§ ÅÄ  ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ  ª¦¨ Ì ¤¢
£
¤
£
Ë ¦§ ÅÄ
£
 ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ
£
¦¨§ Ç¡¨
£
¥ Ì ¤¢
£

£
¡¤Ç¦Å§ Ë 
£
¦¨§ 
£
 Åõ¢¤§É
£
 j¦¢§Ä¦ Å
£
¥ ¦ËË  ¨¦¢
£
¤ ¡È¦¨
£
¦Î
£
ÈÉ
ÌÉÉËË ¨§ ¥ 
£
¡¤Ç¦Å§ Ë 
£ £
¦¨§ ¡¢
££
Å Å¨ò¢¨É
£
Ì¡ ¤¡  Å
£
§ÅÎ¢§ Å¦¨  ¤¡ Î ¦¢
¨ÉÇ¡§ÅÈ  æ
£
Ë ¦§ÅÄ
£
 §§ Î¦¢
£
¦¨§ ¢§ Å¤Å
£
É
£
Ì¦¢ É ¤¡Ç¢ ¤ 
£
Ì¡      ¡
¦¨
£
ÉÍ¢¨§ ¥ ¤
£
É¦¢ÈÅ ¡ÌÅË ¨§
£
ÅÇ¨ Åè É¤¡Ç¢ ¡ÌÅË ¨§  Ç¡¨
£
Ì¡§ Å
£

¤ 
£
Ì¡     
æ
£
¡¢§
£
¡¤Ç¦Å§ Ë 
£
ÐÌ ¤¦ Å§¨§ ¨ Ì ¤¢
£
¤
£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
Ë ¡Ð ÅË ¡¢Ð Ì¦¢ É ¤¡Ç¢
¤ 
£
Ì¡     ¥ § ¦ËË  ¨¦¢
£
¤ ¡È¦¨
£
È¢ ¥
£
¦¨§ Ì ¤¢
£
Ì¡§ Å¢¤ÅÜË ¨§ Å¨ò¢¨É
£
Ì¡
¤¡  Å
£
§¡¨ ¨§ ¤
£
¢Ð Î¦¢
£
 ¦¢ ¨ ¦ËÌ¨ ¤¡ ¡Å
£
¦¨ ¥ Ì¨¦¨
£
¤ ÐËÌ ¤ ¬ 
æ¡ Î¦¢ Ì¦
£
Å§ÅÈ 
£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

£
§ ¦ËÌ¦
£
É 
{ABCDF,BDEF}
§ ¤¡ Î¦Ê
¢ ¨ÉÇ¡§ÅÈ ¦
£
Ì ¦¨¡¨§ 
{AE,CE}
 æ
£
Î¦¢
£ £
¦¨§ ¦¨ É¤¦ ÅÇ¨É
£
 Û§¢ Å¦¨
£
³þ
´
ø ù
TWïHì ðí úI òð òí ò ñí ï ñ
V
I òì
¿
Tí
Ë ¡ Å¨§¨¡¨§ ¤ ¦ËÌ¦§Ë ¨§ 
£
¡¤Ç¦Å§ Ë 
£ Mafia
¥
FPmax∗
§
LCM
¤¦
£
 ¤¡ É¦¢Ê
È§ 
£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
Ë ¡Ð ÅË ¡¢Ð  æ
£
èÇ¢
£
± ± ¥ ± û ¥ § ± 
£
¢ ÅÈ¡¨§
£
ÌÉ
£
¨§¨§ 
Ì¡¦¢
£
 æ
£
Ë ¦§ ÅÄ
£
¨¦ Å
£ £
¦¨§ ¤
£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
§
£
§É
£
¥ ¨ Ç¡
£

£
¦¨§ ¤
£
Ë ¦§ ÅÄ
£
ÄÉÊ
Í¢¨§
£
Ë ¡Ð ÅË ¡¢Ð  æ
£
Ë ¦§ ÅÄ
£
 ¡ ¢É
£ £
¦¨§ ¤
£
Ë ¦§ÅÄ
£
¨¦¨ ÄÉÍ¢¨§
£
§
£
§É
£
 æ
£
Ë ¦§ÅÄ
£
¨
ÇÅ
£ £
¦¨§ ¢Ð Í¢ Å ¨ ¦¨§ Ì¡
£
É§É ÇÉ¨ÉÉ
£
Çb ¡¢Ð Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
Ë ¡Ð ÅË ¡¢Ð É¦¢È§
£

  ± ±
é
¡¦¢
£
 ¤ 
£
Ì¡     õ §¢É Ì¡
Mafia
  ± û
é
¡¦¢
£
 ¤ 
£
Ì¡     õ§¢É Ì¡
FPmax∗
ª ¡ÌÜ
£

£
èÇ¢
£
¥ ¤¡  Åõ É¨  §¡ Å¤¤ ¨§ ¤
£
Ë ¦§ ÅÄ
£
 ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ § ¢Ð
 ¤¡ Î¦¢ ¨ÉÇ¡§ ÅÈ
£
 §¡¢ Å§ Ì¡ ¤ É¤¡Ç¡Ç Ì¡ ¤
£
¡¤Ç¦Å§ Ë 
£
 Ç¡¨
£
Ì¡§ Å
£

¤ 
£
Ì¡      ¡ ÐËÌ ¤ ¥ Ì¦¢
Mafia
èÇ¢ ± ± ¥ ¤¡ É¦¢È§ 
ABCDF
Ì Ë §  É ¤¡Ç¢ ¤
£
Ë ¦§ÅÄ
£ {ABDF,ACDF,BCDF,ABDF,ACD,ACF,ADF,CDF}
§
¤¡ É¦¢È§ 
BDEF
Ì Ë §  É¤¡Ç¢ ¤
£
Ë ¦§ ÅÄ
£ {BEF,DEF,DE,DF,EF}
 ¦§¦¨
£
Í¢
FPmax∗
èÇ¢ ± û É ¤¡Ç¢ ¨¦ Ì ¤¢
£
 Ë ¦§ÅÄ
£
Çb ¡¢Ð
£
¡¢§
£
¡¨
£
¤ 
£
Ì¡ 
   Í¢ Å¤ õ§¢ 
¨¦¨
£
Ì¡ ÐËÌ ¤ ¥ ¤ ¡
£
Ð§óË  ¦ø ¢¨ Ç¡¨ Ì¡§ Å 
£
Ë ¦Ê
§ ÅÄ
£
 ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ
£
¦¨§ ¢¨ ¨ ÅÈ¡¢ ¡ÌÜ
£
¢Ð  ¤¡ Î¦Ê
¢ Ì¦
£
Å§ ÅÈ  ß¢ÌÌ¦
£
¦¨
£
Í¢ ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ
£
¦ Å§ ¦ËÌ¦
£
É 
{ABCD,ABCE,ABCF,ABDE,ABDF,ABEF,ACDE,ACDF,ACEF,ADEF,
³
Jí JISí ññí HïòïHìl òïì I J íì H ñï Hïì I J ðí  íî ðí ðIJJlí
  ± 
é
¡¦¢
£
 ¤ 
£
Ì¡     õ §¢É Ì¡
LCM
BCDE,BCDF,BCEF,BDEF}
¥ § ¤¡ Î¦¢ ¨ÉÇ¡§ ÅÈ 
{ABCDE,ABCDF,
ABCEF,ABDEF,CDEF}
 Û¨ ¦¨
£
È¡¨§ ¤
£
ËóË 
£
¨¦§¡§ Å¦¨
£
Í¢ ÌÉÉËË ¨§ ¥
Mafia
õ§¢¡ ¦¨ ¤ Ì¡¦¢
£
Å¤¤¢
£
§É Ì¡ ¤¡ èÇ¢ ±  
  ± 
é
¡¦¢
£
 ¤ 
£
Ì¡     õ§¢É Ì¡
Mafia
Ì ¦¢ 
£
Î¦¢
£
Ì¦  
£
¦ËË  ¦¨ Ì ¢§ ¤ ¦¨
£
§¡§
£
¢ §§ èÇ¢ ¥ ¤ ¨¦ËÎ  Ë ¦§ ÅÄ
£
ÇÉ¨ÉÉ
£
§ §
£
§É
£

£
§ Î ¡¢¦¢Ì Ì ¤¢
£
ÅËÌ¦§¡¨§ Í¢ ¤¦
£
Í¢ ¤
£
Î¦¢
£ £
¦¨§ É¤¦ ÅÇ¨É
£
èÇ¢ ± ±  Û¨ õ§ ¥
¤¦
£
Í¢ ¤¡ Î¦¢ ¨ÉÇ¡§ÅÈ 
£
§ É¦¢È§ ¥ ¤ 
£
Ì¡     
£
ÄÉÍ¢¨§
£

£
§ ¡¤¦
£
¡¡§ÉÅ
£
É ¥ § ¤¡ Î¦¢ Ì¦
£
Å§ÅÈ Ì ¢§ § É¦ÅÍ¢Ë ¨§ ó§ É¢ Å§  Å§Ë ¨§  ¡ÌÜ
£
¤ § É¦ÜË  ù Å¨§¦¢ Å§ ¨
£
§ Å¦¨ ¬  ¡ ¦¨
£
ÉÍ¢¨§ ¥ Ì ¤¢
£
¤¡ Î¦¢ ¨ÉÇ¡§ ÅÈ 
£
§ ÉÊ
¦¢È§ ¥ Ì ¤¢
£
¤ 
£
Ì¡     
£
ÄÉÍ¢¨§
£

£
§ ¡¡§ÉÅ
£
É § Ì ¤¢
£
¤
£
Ë ¦§ ÅÄ
£
 ¤¡
Î¦¢ Ì¦
£
Å§ÅÈ Ì¦¢¦¨§ ó§ É¢ Å§
£

æ ¡¤Ç¦Å§ Ë 
LCM

£
§  Åõ É¨§ 
£
¡¢§
£
¡¤Ç¦Å§ Ë 
£
¡ Å¤ õ§¢
£
¦¨ Ì¡¦¢
£
 ¤ 
£
Ì¡     ¨
£
¡ÌÌ¢ê¡¨§
£
¢ ¤
£
Ë ¦§ÅÄ
£
ÄËÉ
£
 ª Ì¡ §§
£
§¡§ÉÇÅ ¥ 
³³
´
  
í ò Jí JISí ññí H ñï Hïì I J ðí  íî ðí ðIJJlí
§êÌ   ¡¤Ç¦Å§ Ë  ¨ §
£
§ ¦¨ Ì¡
£
¤
£
Ë ¦§ÅÄ
£
 ¢¨ ËóË  ¤¡
££
  ÉÍ¢ ÅÈ¡¤¨ ¥ Ë ¡Å
£
¢¨ ÅÍ¢Ë ¨§ ¤¢ ÄËÉ  ¨§¢ Å§ÅÈË ¨§ ¥ ¤ ¡¤Ç¦Å§ Ë 
£
 ¦ËÌ¦§ ¦ËË 
£
Å¤ Ä¡ Å
£
¡ Å§ 
£
c
£
¡¢§
£
c ¨§ ¤
£
ÄËÉ
£

£
 Åõ É¨§
£
¤¡
££

£
 ÉÍ¢ ÅÈ¡¤¨  §§
£
§¡§ÉÇÅ
£
¡ ¦¨
Ì ¤¢
£
Ì¡§ Å¢¤ÅÜË ¨§ õ ¡ ¤¦
£
Í¢ Å¤ ê ¡¢¡  Ç¡¨
£
¤¡
££

£
 ÉÍ¢ ÅÈ¡¤¨  ô   ¢¨
Ì¦ Å¨§  È¢ § É¦ÅÍ¢ ¥ ¢¨ Ç¡¨  Å
£
§¡¨ ¨§ ¤
£
Î¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
¨
£
ÅÇ¨ Åè Ì¡
£
¨É
££
¡ ÅË ¨§ Í¢ Å¤ ê ¡¢¡  Ç¡¨
£
¤¡
££

£
 ÉÍ¢ ÅÈ¡¤¨  ¨¦¨
£
Ì¡
ÐËÌ ¤ ¤ ¡
£
¦ø ¤¡ Î¡
£
  ¦¨¨É
£

£
§ ¦ËÌ¦
£
É  ¤ ¨
£
ËÎ ¤ 
£
Ì¡§Å
£

£
Ë ¦§ ÅÄ
£
 ¤¡ Î¦¢ Ì¦
£
Å§ÅÈ ¥ ¤
£
¤¡
££

£
 ÉÍ¢ ÅÈ¡¤¨
£
¦¨§ §¦¢§
£
¦ËÌ¦
£
É
£
 ¢¨
£
¢¤ Ë ¦§ÅÄ ¥
§ ¤ ¡¤Ç¦Å§ Ë  È ¡ ¦¨ Ì¦§¨§ Å¤¤Ë ¨§ Ì¡¦¢Å ¤ ¨
£
ËÎ ¤ 
£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

j¦¢§Ä¦ Å
£
 ¡ÌÜ
£
¤
£
ÐÌÉÅË ¨§¡§ Å¦¨
£
¥ Å¤ ¡ÌÌ¡¡Ï§ Í¢ ¤¦
£
Í¢ ¤¡  Å
£
§¡¨ ¨§ ¤
£
Î¦¢
£

£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£

£
§ ÅËÌ¦§¡¨§ ¥ Å¤ ê ¡  Ç¡¨
£
¤¡
££

£
 ÉÍ¢ ÅÈ¡¤¨  ¦¢
¦Î
£
È ¤¡ ¥ ¨¦¢
£
É§¢ Å¦¨
£
¤
£
 Å
£
§ÅÎ¢§ Å¦¨
£

£
Ë ¦§ ÅÄ
£
ÄËÉ
£
ÄÉÍ¢¨§
£
Ì¡ ¡ÌÌ¦§
¡¢Ð Ë ¦§ ÅÄ
£
ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
 ¦¢ ¡ÌÌ ¤ ¥ 
£
¨ Å
£ £
¦¨§ ¤
£
Ì ¤¢
£
Ì § Å§
£
Ë ¦§ ÅÄ
£

£
¤¡
££

£
 ÉÍ¢ ÅÈ¡¤¨ É§¢ ÅÉ
£
 ¡ ¦¨
£
ÉÍ¢¨§ ¥ ¤ É§¢  ¤¡  Å
£
§¡¨ ¨§ 
£
¢Ð
 Å
£
§ÅÎ¢§Å¦¨
£
Ì Ë §§¡  É§§ ¤ Ð Å
£
§¨  Ç¡¨
£
¤¡
££

£
 ÉÍ¢ ÅÈ¡¤¨ 
æ¡ èÇ¢ ± ©« ÌÉ
£
¨§ ¤¡  Å
£
§ÅÎ¢§Å¦¨ 
£
Ë ¦§ ÅÄ
£
ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
§ ÄËÉ
£
ÄÉÍ¢¨§
£
Ì¦¢ ¤
£
ß ¢Ð  ¦¨¨É
£
É§¢ ÅÉ
£
ÌÉÉËË ¨§  ¦ËË  ¦¨ Ì ¢§ ¤ ¦¨
£
§¡§ ¥
Ì¦¢ 
£
ß ¢Ð  ¦¨¨É
£
§¤
£
Í¢
Connect
¥ ¤¡  Å
£
§¡¨ ¨§ ¤
£
 Å
£
§ÅÎ¢§ Å¦¨
£

£
Ë ¦§ ÅÄ
£
ÇÉ¨É¡§¢
£
ÄÉÍ¢¨§
£
§ 
£
ÄËÉ
£
ÄÉÍ¢¨§
£

£
§ ¡¢
££
Å ¤¡§ ÅÈË ¨§ ÅË Ì¦§¡¨§  ¦§¦¨
£
§¦¢§Ä¦ Å
£
Í¢ ¤¤ 
£
§ Ë ¦ Å¨
£
Ç¡¨ Í¢ Ì¦¢ ¤
£
 Å
£
§ÅÎ¢§Å¦¨
£

£
Î¦¢
£

£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

æ
£
¦Î
£
È¡§Å¦¨
£
ÉÅ§
£
¡¨
£
§§
£
§ Å¦¨ ¨¦¢
£
¦¨¢ Å
£
¨§ Æ É§ËÅ¨ ¢¨ ¨¦¢È¤¤
¤¡
££
Åè¡§ Å¦¨ 
£
ß ¢Ð  ¦¨¨É
£
Ì¡ ¡ÌÌ¦§ Æ ¤¡  Å
£
§ÅÎ¢§ Å¦¨ 
£
Î ¦¢
£

  éíê îé ìîZéïïé çïæêêðçæèðì [éê Ö éî× [é [ìÔéê
¦§ ¨¦¢È¤¤ ¤¡
££
Åè¡§ Å¦¨ 
£
ß ¢Ð  ¦¨¨É
£
 ÅõÜ  ¤¤ Ì¦Ì¦
£
É ¡¨
£
 G«©
¡ ¤¤ Ì¨ ¨ ¦ËÌ§ ¤¡ Î¦¢ ¨ÉÇ¡§ ÅÈ 
£
Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£
¨ Ì ¤¢
£
 ¤¡ Î¦¢
Ì¦
£
Å§ ÅÈ 
Û¨ ¨¦¢
£
¡ÌÌ¢ê¡¨§
£
¢ ¤
£
 Å
£
§ÅÎ¢§ Å¦¨
£

£
¢Ð Î ¦¢
£

£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£
§
£
¢
¤¡ c Å
£
§¡¨ c ¨§ ¤¤
£
Ê Å ¥ ¨¦¢
£
¡È¦¨
£
¤¡
££
É ¤
£
ß ¢Ð  ¦¨¨É
£
¨ §¦ Å
£
§êÌ 
£ °
é
jêÌ  
°
ß ¢Ð  ¦¨¨É
£
¦ø ¤
£
 Å
£
§ÅÎ¢§ Å¦¨
£

£
Î¦¢
£ £
¦¨§ §Ü
£
Ì¦  
£
¥ Å  
¤¡ ¦¢Î   ¤¡ Î¦¢ ¨ÉÇ¡§ ÅÈ ¨ 
£
§ Ì¡
£
É¤¦ ÅÇ¨É  ¤¤  ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ 
ç¢§Ë ¨§  Å§ ¥ ¤¡ Ë ¡ß ¢ Ì¡§Å 
£
Ë ¦§ ÅÄ
£
¡¨
£
¤
£
¢Ð Î¦¢
£
¦¨§ ¡ÌÌ¦Ð ÅÊ
Ë ¡§ ÅÈË ¨§ ¤¡ ËóË  §¡ Å¤¤ 
Chess
§
Pumsb £
¦¨§ Ì¡ ÐËÌ ¤  §êÌ   ß ¢Ð
 ¦¨¨É
£
 ª §¤
£
ß ¢Ð  ¦¨¨É
£
È¦¨§ Ì¦
£
 
£
 Åõ¢¤§É
£
¡¢Ð ¡¤Ç¦Å§ Ë 
£

É¦¢È§ 
£
Ë ¦§ÅÄ
£
ÄÉÍ¢¨§
£

é
jêÌ  
°
ß ¢Ð  ¦¨¨É
£
¦ø ¢¨ Ç¡¨  Å
£
§¡¨
£
ÉÌ¡ ¤
£
¢Ð Î¦¢
£
 æ
£
Ë ¦§ ÅÄ
£
 ¤¡ Î¦¢ ¨ÉÇ¡§ ÅÈ
£
¦¨§ Î ¡¢¦¢Ì Ì ¤¢
£
Ì § Å§
£
Í¢ ¢Ð  ¤¡ Î¦¢
³Ý
Jí JISí ññí HïòïHìl òïì I J íì H ñï Hïì I J ðí  íî ðí ðIJJlí
 0
 200000
 400000
 600000
 800000
 1e+06
 1.2e+06
 1.4e+06
 0  2  4  6  8  10  12  14  16  18  20
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Chess minsup 30% (959)
FGen
FClosed
 0
 5000
 10000
 15000
 20000
 25000
 30000
 35000
 40000
 0  2  4  6  8  10  12  14  16  18  20
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Chess minsup 30% (959)
Bd-(F)
Bd+(F)
 0
 500000
 1e+06
 1.5e+06
 2e+06
 2.5e+06
 3e+06
 3.5e+06
 4e+06
 4.5e+06
 5e+06
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb minsup 50% (24523)
FGen
FClosed
 0
 50000
 100000
 150000
 200000
 250000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb minsup 50% (24523)
Bd-(F)
Bd+(F)
 0
 200000
 400000
 600000
 800000
 1e+06
 1.2e+06
 0  5  10  15  20  25  30  35  40
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 10% (4905)
FGen
FClosed
 0
 5000
 10000
 15000
 20000
 25000
 0  5  10  15  20  25  30  35  40
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 10% (4905)
Bd-(F)
Bd+(F)
 0
 20000
 40000
 60000
 80000
 100000
 120000
 140000
 160000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 30% (20268)
FGen
FClosed
 0
 500
 1000
 1500
 2000
 2500
 3000
 3500
 4000
 4500
 5000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 30% (20268)
Bd-(F)
Bd+(F)
 0
 20000
 40000
 60000
 80000
 100000
 120000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Mushroom minsup 0.1% (9)
FGen
FClosed
 0
 5000
 10000
 15000
 20000
 25000
 30000
 0  5  10  15  20  25
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Mushroom minsup 0.1% (9)
Bd-(F)
Bd+(F)
  ± ©«
é
ª Å
£
§ÅÎ¢§Å¦¨ 
FClosed
¥
FGen
¥
Bd+(F )
§
Bd−(F )
³Þ
´
  
í ò Jí JI Sí ññí H ñï Hïì I J ðí  íî ðí ðI JJlí
Ì¦
£
Å§ ÅÈ 
Connect
§
Pumsb∗ £
¦¨§ ¡¨
£
§§ ¡§ÉÇ¦Å  Û¨ Ì¡§ ÅÍ¢ ¥  §êÌ  
ß ¢Ð  ¦¨¨É
£

£
§ Ì ¤¢
£
Ä¡Å¤ Í¢ ¤ ÌÉÉ¨§ 
é
jêÌ  
°
¡
£
Ì¡§ Å¢¤Å  ß ¢Ð  ¦¨¨É
£
 §êÌ    æ
£
¢Ð  Å
£
§ÅÎ¢§ Å¦¨
£ £
¦¨§
§Ü
£
Ì¦  
£
¥ Ë ¡ Å
£ £
Å§¢É
£
¡¨
£
¤
£
¨ ÅÈ¡¢Ð ¤
£
Ì ¤¢
£
Î¡
£
 ¤ 
£
Ì¡      
£
ß ¢Ð  ¦¨¨É
£
¦
£
Ì¦¨¨§ ¡¢Ð ¦¨¨É
£
ÉÌ¡
£

£

T10I4D100K

£
§ ¢¨ ÐËÌ ¤
  §êÌ   ß ¢Ð  ¦¨¨É
£
 Û¨ Ì¡§ÅÍ¢ ¥ 
£
¦¨§
£
¦¢È¨§ ¤
£
ß ¢Ð  ¦¨¨É
£
¤
£
Ì ¤¢
£ £
ÅË Ì ¤
£
Ì¦¢ ¤
£
¡¤Ç¦Å§ Ë 
£
ß¢
£
Í¢ Æ 
£ £
¢ Å¤
£
Ë Å¨ ÅË¢Ë
£

£
¢ÌÌ¦§ §Ü
£
Ì §Å§
£
 ©
F
  Û¨ 
££
¦¢
£
 
£ £
¢ Å¤
£
¥ ¤ Ð §¡§ Å¦¨ È Å¨§  Åõ  Å¤ ¨ ¡ Å
£
¦¨ ¢
Ç¡¨ ¨¦ËÎ  Ë ¦§ ÅÄ
£
ÄÉÍ¢¨§
£

æ §¡Î ¤¡¢ ± ¬ É
£
¢Ë  §§ ¨¦¢È¤¤ ¤¡
££
Åè¡§Å¦¨ § Ì¦
£
Å§ Å¦¨¨  ¡¢¨ 
£
ß ¢Ð 
¦¨¨É
£
 Pö  Ì¡ ¡ÌÌ¦§ Æ ¤¤Ê Å 
ﬁﬂﬃ ﬁﬂﬃ  ﬁﬂﬃ   ﬁﬂﬃ    
ﬁ
%
ﬃ* 3 1
.4#
')-& 8 20
. "
),2
"
), 2 ﬃ-
#
+ 2
" %"
@
-+)'
.
3* *
#
)2*
3*
"
2
$
-+)'	
%
* 8 20
.
ﬃ-
#
+ 3* *
#
)2* '+7* ﬃ ')'*
9
-,*+0
.
* ﬃ &3
"
&'
9
 ?<=

   
;:
'

   
; =

()*'
"
&
4


ﬃ')'
$
+
"
&3 ﬃ')'
&'+ 2* ,-+3
#
+*
ﬁ
"
)22 3*
%
-')6*
$
+
"
&3*
$
+
"
&3* ﬃ ')'*
81
%
ﬃ2* 3
Chess, Pumsb, Connect, Pumsb∗, T10I4D100K,BMS −WebV iew1,
@

#
1 3 3-&&
.
*
Accidents,Webdocs Mushroom BMS −WebV iew2, BMS − Pos,
Kosarak, retail, T40I10D100K
ÊËÌ  ± ¬
é
¦¢È¤¤ ¤¡
££
Åè¡§ Å¦¨ 
£
ß ¢Ð  ¦¨¨É
£
§§ ¤¡
££
Åè¡§ Å¦¨ 
£
§ Ì ¤¢
£ £
ÅË Ì ¤ Í¢ ¤¤ ÌÉ
£
¨§É ¡¨
£
 G« © §¦¢§ ¨ É§¡¨§
£
§¡Î ¤
Ì¡ ¡ÌÌ¦§ ¡¢  ¡¨ÇË ¨§ 
£
¢ Å¤ ËÅ¨ ÅË¢Ë 
£
¢ÌÌ¦§ èÇ¢ ± ²  Û¨ Ì ¤¢
£

£
¡¡Ê
§ÉÅ
£
§ ÅÍ¢
£
 ¡ÎÅ§¢¤¤Ë ¨§ É§¢ ÅÉ
£
¥ ¤¡ c Å
£
§¡¨ c ¨§ ¤
£
 Å
£
§ÅÎ¢§Å¦¨
£
 ¤¡ Î¦¢
¨ÉÇ¡§ ÅÈ §  ¤¡ Î¦¢ Ì¦
£
Å§ ÅÈ Ì Ë §  ËÅ¢Ð ÉÈ¡¤¢ ¤¡ c Åõ ¢¤§É c  ¢¨ ß ¢ 
¦¨¨É
£
Ì¦¢ ¤
£
¡¤Ç¦Å§ Ë 
£

¦¢ É
£
¢Ë  ¥ ¤
£
ÌÅ¨ ÅÌ¡¢Ð ¡È¡¨§¡Ç
£
 ¤¡ ¤¡
££
Åè¡§Å¦¨ Ì¦Ì¦
£
É
£
¦¨§
°
é
¢¨ Ë  Å¤¤¢ ¦
£
Ì¦¨¡¨ ¨§ ¤¡ ¤¡
££
Åè¡§ Å¦¨ § ¤
£
Ì Ä¦Ë ¡¨
£

£
¡¤Ç¦Ê
Å§ Ë 
£
 Û¨  ¡¢§
£
§Ë 
£
¥ §§ ¤¡
££
Åè¡§ Å¦¨ 
£
§ ¢¨ ÌË ÅÜ É§¡Ì  È
£
¤ ÉÈ¡Ê
¤¢¡§ Å¦¨  ¤¡ c Åõ ¢¤§É c  ¢¨ ß ¢  ¦¨¨É
£
Ì¦¢ ¤
£
¡¤Ç¦Å§ Ë 
£
h
é
¤¡
£
§¡ÎÅ¤Å§É  ¤¡ ¤¡
££
Åè¡§ Å¦¨ Ì¡ ¡ÌÌ ¦§ ¡¢  ¡¨ÇË ¨§ 
£
¢ Å¤ ËÅ¨ ÅË¢Ë 
£
¢ÌÌ¦§ 
j¦¢§Ä¦ Å
£
¥ ¤
£
¡¡§ÉÅ
£
§ ÅÍ¢
£

£
Î¡
£

£
 ¦¨¨É
£
§ ¤¡ §¡ Å¤¤ 
£
Ë ¦§ ÅÄ
£
 ¤¡ Î¦¢
Ì¦
£
Å§ ÅÈ ¦ ÅÈ¨§ ó§ ¡¢
££
Å ¦¨
£
ÅÉÉ
£
 Û ¤¤
£
Ì Ë §§¨§ ¨¦§¡ËË ¨§  ÐÌ ¤ÅÍ¢ ¤ õ ¡Å§É

£
¡¤Ç¦Å§ Ë 
£ £
¢
Chess
Ì¦¢ 
£ £
¢ Å¤
£
Ë Å¨ ÅË¢Ë
£

£
¢ÌÌ¦§ É¤ÈÉ
£
¥ ¤¢ ÅÊÅ ¡ê¡¨§
Ë ¦ Å¨
£
 ¡§ Å¤
£
¥ Ë ¦ Å¨
£
 §¡¨
£
¡§ Å¦¨
£
§ 
£
§¡¨
£
¡§ Å¦¨
£
Ì ¤¢
£
Ì § Å§
£
Í¢ ¤
£
¡¢§
£
ß ¢Ð
 ¦¨¨É
£

³ã
Jí JISí ññí HïòïHìl òïì I J íì H ñï Hïì I J ðí  íî ðí ðIJJlí
ÝQ
 
  ﬀﬁ ﬂﬃ !"# $!% $
$&'ﬀ(  $) * $ﬀ ) $) #!%)
% &+ﬀﬁ)
,-../012
345 6789:8; <= >< ?@A ?BC78DEF< 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 35
G HIHI JK LMN
­O
LP QRSTU
­
SV QRS KWXPR
­
H H H H H H H H H H H H H H H H H GY
G HIHY ZP [R N USL
­
SP KM\R
O
WXP ] [R N USL
­
SP Q UVW
O
WXP H H H H H H H H H H H GY
G HIH^ ZP [R N USL
­
SP Q UVW
O
WXP ] [R N USL
­
SP KM\R
O
WXP H H H H H H H H H H H G_
G HIH` aPV RVQ PT
O
V RLRQ
O
R
O
WbV H H H H H H H H H H H H H H H H H H H H H H H GG
3 4c d @A?BC78DEF< 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3e
3 4f gh;i78F<9DAD8C9= 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 jc
G H^ HI klQ[Ml PK
O
R
O
WUK H H H H H H H H H H H H H H H H H H H H H H H H H H H mY
G H^ HY noQ MSWl PK
O
R
O
WUKV H H H H H H H H H H H H H H H H H H H H H H H H H H mY
3 4p q 8=:r==8C9 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 j3
s tuvwxv yz { |}w~yz yz  z~ yz y}z zzw~}z  ~ u{{ tv}zwzv yu z u
txwvz ~ u{vxwŁ z uyutwuwx t ~v {u y}~zvwz yz vy~vz yz Łwx v}~zw  zw
u{vxwŁ z  uttz{}
ABS Adaptive Borders Search 

 zw y}vx} yz { |u{vxwŁ z
ZigZag 

y}z{tt} u~ zx yz { |}~xt z t~v {u y}~zvwz yz   uwxuxwz yu
~z uz yz y}z 
   ¡¢
£
¢¤ ¥¦ §¥ ¨ ©
ª
¨«¬¡¢­®¯¥
ABS
zw ~z uttvz °vxyz ~x uz yz wvuw}xz u~ ~v yz { |zt{vuwx yz
{ |ztuz yz vzzvz  { zzw~z yu ~ tvzŁ xzv wzŁt ~ tuv~v tuv xzu~  t~x
±²
³´µ ¶ ·¸ ¹ º»¼½¾¿ÀÁ ¹Â¹Ã¾¹¾ Ä ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ È¼½Â·½Á ÂÁ À¼¾ Ä Ä ½Å·Á¸¾
u{wzvz yz u~w ~ y~u{xuwx zwvz {z yz~ vy~vz  z uzŁ zw yz wvuw}xz z
uxw y°uŁ x~zŁ zw z wx yz y}z 
É ÊË ÊË ÌÍ ÎÏÐÑÒ Î
2 Ó/1Ô-
Ñ
1Õ Ó/1
Í
0Ö2/
Ñ
×
u tvzŁ xØvz tuz yz { |u{vxwŁ z xwz Ù ~wx{xzv { |u{vxwŁ z
Apriori 
s ÚÛ


z
wx

Ü

t~v zt{vzv tuv xzu~ { |ztuz yz vzzvz  yz Łwx {z t{~ t zwxw u~
t{~ vuy   ~~ |Ù ~ xzu~
k Ý
} y°uŁ x~zŁzw Ù tuvwxv yz y}z  zwwz uttvz
t zvŁ zw uxx yz wv~zv {z Łwx yz {u vy~vz txwxz yz wux{{z wvxwzŁ zw x}vxz~vz
Ù
k
 w}z
Bd+≤ k−1(F )
 uxx ~z {z Łwx yz {u vy~vz }uwxz yz wux{{z x}vxz~vz ~
}u{z Ù
k
 w}z
Bd−≤ k(F )

Þ
 uwz~v  ~wx
Ý
z tvxxtu{zŁ zw z y}~w yz tuv~v yz { |ztuz yz vzzvz  ß
tvuwx~z  {z Łvz yz Łwx  v}~zw yz t zwxwz wux{{z t z~w àwvz wvØ }{z} 

uv
zzŁt{z  {z  z~ yz y}z
T10I4D100K Ý
~vz á Ü

t z~w uxv tvØ yz yx Ł x{{x yz
Łwx  v}~zw Ł xxŁu~ yz wux{{z x}vxz~vz Ù wvx  u z u  ~z uttvz tuv
xzu~ tzvŁ zw y y |}{u~zv wvØ vutxyzŁ zw ~z vuyz tuvwxz yz { |ztuz yz vzzvz 
z t{~  {z u y |zux v}u{x} {v yz uwz{xzv




âã


âäã

w Ł wv}
~ |~z uttvz tuv xzu~ }wuxw wvØ zå uz {v~z {z Łwx v}~zw }wuxzw yz t zwxwz
wux{{z 
×
z t zvvŁ uz yz { |xŁt{}Ł zwuwx y |
Apriori
wzw}z
â
v

}u{uxzw Ł àŁz {z
Ł zx{{z~vz xŁ t{}Ł zwuwx ~v z w°t z yz  z~ yz y}z 
æ
wvz  zwx zw y y |zt{xwzv { |zå uxw} y |
Apriori
 zw yz uzv yz wvuw}xz
{v~z z{~xx zw Ł x z yxå ~{w}  ß~xwz  {u uxuz y}~zvwz {v yz z tuv~v
zw zt{xw}z t~v y}~wzv ~z wvuw}xz yx}vzwz u}z ~v {u wx yz y~u{xuwx

zwx





É ÊË Êç è
2 é/
Ð
-1
ÎÑ
12
ÍÏê
/
Ò
0Ö2 ë é/
Ð
-1
ÎÑ
12 Ó -Õ0
Ò
0Ö2
Þ
z x { |uttvz tuv xzu~ wtt}z  { |u{vxwŁ z uz yz wvuw}xz  zw zzw~z
yz ìu~w ì yu { |ztuz yz vzzvz  z u~w  |utt~xzw ~v {z xvŁ uwx y} Ù
~z t~v zwxŁ zv {u vy~vz txwxz 

{~ tv}x}Ł zw  {z Ł wx wz~ tuv z
u~w w {z t{~ vuy Łwx  xu{xy} tuv ~ Łwx  v}~zw y} Ù y}~zvw 
x z  ~ Łwx yz
Bd−(F )

íîïðñ òóðôñõ
×
z v}~{wuw zw y}
Ý
xwx ~xuw w x~ yz wvuu~ tv}u{u{zŁ zw zzw~} u~
zx yz { ö}~xt z t~v { öu{vxwŁ z
ZigZag 

 Úxw
P(R)
{ öztuz yz vzzvz yz
Łwx v}~zw zw ~tt ~ ö~z tuvwxz
E
yz zw ztuz uxw }w} zt{v}z  Úxw
NF ⊆ E
±÷
ø 
 ù
½¸Æ ÃÁ ÂÁ ºú¹ º»¼½¾¿ÀÁ
{ özzŁ{z yz Łwx  v}~zw yz z ~zzŁ{z  s tuvwxv yz zw zzŁ{z
NF

 t z~w y}
Ý
xv tuv uwxŁwxz yz~ w°tz yz Łwx yu
P(R) û
ü
z~ ~x w xu{xy} tuv uwxŁwxz tuv u~ Łx ~ Łwx  v}~zw yz
NF

ü
z~ ~x vzwzw u{xyz  x z  w~ {z~v ~zzŁ{z w yz Ł wx v}~zw yz
E

Úxw
Fopt(NF )
{ özzŁ{z twxŁ xwz yz Ł wx v}~zw yz
P(R)
 y}
Ý
x ŁŁz ~xw
û
Fopt(NF ) = {X ∈ P(R)| 6 ∃Y ∈ NF, Y ⊆ X}
×
u vy~vz txwxz yz
Fopt(NF )
zw uttz{}z ýþß ß  þ  þ   ux}z Ù
NF

Úxw
X
~ Łwx yz {u vy~vz txwxz
Ý
u{z  u{v
X
uttuvwxzw Ù {u vy~vz txwxz
twxŁ xwz  	 x{ z xwz ~ Łwx
Y
yz {u vy~vz txwxz twxŁ xwz wz{ ~z
X ⊂ Y
 x z 
∀X ∈ Bd+(F )

∃Y ∈ Bd+(Fopt(NF ))
wz{ ~z
X ⊆ Y
s tuvwxv y~ w}vØŁ z 
 zwx

 {u vy~vz txwxz twxŁ xwz ux}z Ù
NF
zw
y}z tuv
û
Bd+(Fopt(NF )) = Tr(Fopt(NF ))
uz
Tr(Fopt(NF )) = {R\Z  Z ∈ Tr(Fopt(NF ))}

 u yz t{~ {u tvtvx}w} ~xuwz
û
  


X ∈ Bd+(Fopt(NF ))

X ∈ F ⇒ X ∈ Bd+(F )
×
u vy~vz txwxz twxŁ xwz z uz tu x { ö vzwvzxw { özzŁ{z
NF
Ù z
Ł wx {z t{~ t zwxw  t~x~z {z wvuzvu~ Ł xxŁu~ y ö~ °tzvvutz w {z Ł àŁ z
~z z~ yz { ö°tzvvutz xŁt{z ux} 

uv }~zw  u~z u~w yu { öztuz yz
vzzvz ~ ìy~u{xuwx ì zw ~ u{~{ yz {u vy~vz txwxz twxŁ xwz ux}z u~
Łwx  v}~zw y}~zvw zw uttuvwzuw Ù {u vy~vz }uwxz 
 öutvØ {z w}vØŁ z 
 zwx

 {v~z
NF Bd−(F )
  u
Bd+(F ) =
Bd+(Fopt(NF ))


uv }~zw  Ù u~z xw}vuwx {z ~zu~ Łwx  v}~zw
wv~} tuv { öu{vxwŁ z w t zvŁ zwwvz y öuŁ }{xvzv {u vy~vz txwxz twxŁ xwz  zw yz
z vuttvzv yz t{~ z t{~ yz {u vy~vz txwxz
Ý
u{z 
×
v~z {u vy~vz }uwxz zw
y}~zvwz  {u y~u{xuwx }Øvz {u vy~vz txwxz
Ý
u{z  zw { öu{vxwŁ z  öuvvàwz 
ﬀﬁﬂﬃ
î
ﬀﬁ
ó ïñ
ﬃ
ñ
ﬀﬀ
ñ î  ðó
ﬃ!
ñ

~v { öu{vxwŁz
ZigZag
zw { özwvuwx yz  {z t{~ t }xu{x}z  ~z tvtvx}w}
t zvŁ zwwuxw yz  ~wx
Ý
zv { öuttvz twxŁ xwz


 s wvz uxuz  {z Łwx v}
~zw  öw tu ~z wz{{z tvtvx}w}  "~wzx  { ö}w~yz yz  z~ yz y}z y~




ä
z

±#
³´µ ¶ ·¸ ¹ º»¼½¾¿ÀÁ ¹Â¹Ã¾¹¾ Ä ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ È¼½Â·½Á ÂÁ À¼¾ Ä Ä ½Å·Á¸¾
Łwvz ~ özt }vxŁ zwu{zŁ zw  {u tvux{xw} ~ öu ~ Łwx yz wux{{z $ y öàwvz v}~zw u
uw ~z w~ z ~zzŁ{z yz wux{{z
k − 1
w v}~zw  v%w }}vu{zŁ zw uz
k
 ŁŁz {z Ł wvz {u
Ý
~vz & Ü t~v ~z{~z  z~ yz y}z y~



 
 0.65
 0.7
 0.75
 0.8
 0.85
 0.9
 0.95
 1
 0  2  4  6  8  10  12  14  16  18  20
Pr
ob
ab
ilit
é
k
Chess minsup 30% (959)
 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 0  2  4  6  8  10  12  14  16  18  20  22
Pr
ob
ab
ilit
é
k
Pumsb minsup 60% (29428)
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 0  2  4  6  8  10  12  14  16  18  20  22  24  26
Pr
ob
ab
ilit
é
k
Connect minsup 30% (20268)
 0
 0.1
 0.2
 0.3
 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 0  5  10  15  20  25  30  35  40
Pr
ob
ab
ilit
é
k
Pumsb* minsup 10% (4905)
 0.5
 0.55
 0.6
 0.65
 0.7
 0.75
 0.8
 0.85
 0.9
 0.95
 1
 0  2  4  6  8  10  12  14  16  18  20  22
Pr
ob
ab
ilit
é
k
Mushroom minsup 0.1% (9)
'() *
& Ü
ü

vux{xw} y ö~ Łwx yz wux{{z $ y öàwvz v}~zw uuw ~z w~ z ~
zzŁ{z w v}~zw
zwwz tvux{xw}  w}z
p(X ∈ Fk | ∀Y ⊂ X,Y ∈ F )
 u }w} wz~z Ù tuvwxv yz
v}~{wuw yz zt }vxŁ zwuwx tv}zw} yu {u tuvwxz tv}}yzwz  zwwz Ł z~vz u }w}
u{~{}z yz {u Ł uxØvz ~xuwz
û
+ 
, -

- ./

±0
ø 
 ù
½¸Æ ÃÁ ÂÁ ºú¹ º»¼½¾¿ÀÁ
p(X ∈ Fk | ∀Y ⊂ X,Y ∈ F ) =
|Fk|
|Fk|+ |Bd
−
k (F )|
1
2
|X| = k 3 Fk 4 5
6  ý
4
    þ7  7 ß896   
1

4 4

k 3

Bd−k (F ) 4 5
6  ý
4
  
 þ7  6þ6 7 ß89 6  6
1
:   
1

4 4

k ;
×
u ŁŁz
|Fk|+ |Bd
−
k (F )|
vvzty u~ Łvz yz Ł wx yz wux{{z
k
yz { öztuz yz
vzzvz u°uw w~ {z~v ~zzŁ{z v}~zw 
æ
w ~z  özw u~x {z Łvz yz
Ł wx uyxyuw
Ck
}}v} Ù u~z xw}vuwx tuv
Apriori 
s ÚÛ


ŁŁz {z Ł wvz {u
Ý
~vz & Ü zwwz Ł z~vz u~Ł zwz tvvzxzŁ zw uz {u wux{{z
yz Łwx  zwwz vzŁ uv~z zw vuxz t~v { özzŁ{z yz  z~ yz y}z }w~yx}  s~wvz
Ł zw yxw  x w~ {z ~zzŁ{z yz wux{{z
k
y ö~ Łwx
X
w v}~zw  u{v
X
u t{~
yz uz y öàwvz v}~zw {v~z
k
u~Ł zwz 

uv }~zw  {u tvtvwx yz Łwx
v}~zw }}v} tuv ~ u{vxwŁ z wz{ ~ ö
Apriori
u~vu wzyuz Ù yzzxv yz t{~ z
t{~ xŁtvwuwz u~ ~v yz xw}vuwx 
×
öu{vxwŁz }{u~zvu y yz Łx z Łx
{ öztuz yz vzzvz 

uv zzŁt{z  t~v
Connect
uz ~ z~x{ yz
< =
Ý
~vz & Ü

 Ù tuv
wxv y~ xzu~

 {z Ł wx }}v} tuv
Apriori
zvw z vuyz Ł u vxw} v}~zw
=
t{~
yz ÛÛ
<


Apriori
z zvu y ~z }}vzv yz Łwx v}~zw  ~~ öu~ xzu~ 
>
=
wux{{z
y~ t{~ vuy Łwx v}~zw

 z ~x z wvuy~xw t~v zw zzŁt{z tuv t{~ y ö~ Ł x{{xuvy
yz Łwx Ù wzwzv ? z v}~{wuw  ~wx
Ý
z uxx { öxw}vàw yz uxvz yz u~w yu { öztuz yz
vzzvz Ù tuvwxv y ö~ zvwux xzu~ 
É ÊËÊ@ è
2 é/
Ð
-1
ÎÑ
12 Ó -Õ0
Ò
0Ö2 ë é/
Ð
-1
ÎÑ
12
ÍÏê
/
Ò
0Ö2
stvØ ~z uttvz tuv xzu~  { öu{vxwŁ z u{wzvz yz u~w ~ y~u{xuwx zwvz
{z yz~ vy~vz z wv~wx  ŁŁz ~ z yz {z xv  {z y~u{xuwx yz {u
vy~vz }uwxz Ù {u vy~vz t xwxz t zvŁ zwwzw yz }}vzv {z t{~ vuy Ł wx 
xu{xy} tuv ~ Łwx yz {u vy~vz }uwxz y} Ù y}~zvw 
×
z Ł wx wz~ zvw
xw v}~zw zw uttuvwxzyvw Ù {u vy~vz txwxz
Ý
u{z  xw x{ zvw  v}~zw
zw yu z u { öu{vxwŁ z yzvu vvxzv { özvvz~v uxwz 

~v vvxzv zwwz zvvz~v 
ABS
 öutt~xz ~v {z w}vØŁ z Ü zwx

zw ~v {z y~u{xu
wx zzw~}z yu
Dualize and Advance
=
zwx




t~v zwxŁ zv {u vy~vz }uwxz
z wx yz {u vy~vz txwxz z ~v  w~xwxzŁ zw  {z Łwx uyxyuw }}v} z
vw {z t{~ t zwxw Łwx  x{~ yu ~ Łwx yz {u vy~vz txwxz 
×
z ~zu~
Łwx yz {u vy~vz }uwxz uxx y}~zvw zvw ~wx{x} t~v vvxzv {u vy~vz
txwxz twxŁ xwz {v yz {u y~u{xuwx ~xuwz 
æ
w
Bd+i
=
vzt 
Bd−i 
{z ~zzŁ{z yz {u vy~vz txwxz
Bd+(F )
=
vzt 
Bd−(F )
y}~zvw Ù { öxw}vuwx
i


 u
∀i < j,Bd+i ⊆ Bd
+
j
zw
Bd−i ⊆ Bd
−
j

×
z Ł
wx yz
Bd+i
w wz~ Ù tuvwxv yz Ł wx yz
Bd−i
 zw {z Ł wx yz
Bd−i+1
w wz~ Ù
tuvwxv yz Łwx
Bd+i
 Úxw
C≤ i
{ özzŁ{z yz Łwx uyxyuw }}v} uuw zw t zyuw
{ öxw}vuwx
i

±A
³´µ ¶ ·¸ ¹ º»¼½¾¿ÀÁ ¹Â¹Ã¾¹¾ Ä ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ È¼½Â·½Á ÂÁ À¼¾ Ä Ä ½Å·Á¸¾
s {öxw}vuwx
i+ 1
 {z Łwx uyxyuw }}v} t~v vvxzv {z Łwx  v}~zw
yz {u vy~vz txwxz twxŁ xwz t z~zw àwvz wz~ Ù tuvwxv yz {u vŁ~{z ~xuwz 
+ 
, -

- ..

Ci+1 = Tr(Bd
+
i )− C≤ i
z {u ŁàŁz ŁuxØvz ~z t~v {u y~u{xuwx yz {u vy~vz }uwxz zv {u  vy~vz
txwxz twxŁ xwz  {z Łwx  v}~zw }}v} tuv zwwz y~u{xuwx uttuvwxzzw Ù
{u vy~vz }uwxz
Ý
u{z
äB

+

 x z 
 
./

 
X ∈ Ci+1

X 6∈ F ⇒ X ∈ Bd−(F )
×
u yx}vzz Ł u z~vz uz ~z Ł }wyz tuv xzu~ ~ z tvyz~v zw ~z {z Ł wx
uyxyuw }}v} tuv zwwz y~u{xuwx tz~zw àwvz yz wux{{z ~t }vxz~vz Ù
i + 1
 	
i
zw
{u wux{{z yz Łwx yz { öxw}vuwx tv}}yzwz 
×
özzŁt{z ~xuw x{{~wvz z{u 
CDEF GE H 

þ
r
4
1
ý
1
     þ66 8   ß
1
6
1
2þ6 ß
R = {A,B,C,D,E, F,G,H, I}

1
6 I
r = {ABCHI,ABDGI,ABGHI, ACDFI,ACFHI,ADFGI,AFGHI,BCDEI,
BCEHI,BDEGI,BEGHI, CDEFI,CEFHI,DEFGI,EFGHI,ABCD}
J
þß 6  
4
 6    þß
1
ýþ
4
   6
3
4
 ýþß ß    þ
7

7
ß896  
r
þ6 8
K 1
4
 L
Bd−(F ) = {AE,BF,CG,DH,ABCDI}
Bd+(F ) = {ABCHI,BCEHI,ABDGI, BDEGI,ABGHI,BEGHI,ACDFI,CDEFI,
ACFHI,CEFHI,ADFGI, DEFGI,AFGHI,EFGHI,BCDEI,ABCD}
M ßN 6 
1
ß2þß 
1
ß 6
1
 O 9
5
1
 6
1
  :
3
9
1
ß  þ
7
 6þ6
7
ß896  6P

1
:   
1

4 4
  : þ6 88  82þß
3

;

; Bd−≤ 2(F ) = {AE,BF,CG,DH} ;

 þþ6
9
4 5
1
4
K
þßQ  þ  þ6
1
 ßþ2Q  
1
ß 6
1

;
M
4
þß
3
2  þ
7
 6þ6
7
ß896
þ6 
4
 8  þß
4
1
 ß Nß  
1
4

1
þ6
; R
1
ýþß ß  þ  þ   þý6 
{ABCHI,ABDGI,ABGHI,ACDFI,ACFHI,ADFGI,AFGHI,BCDEI,BCEHI,
BDEGI,BEGHI,CDEFI,CEFHI,DEFGI,EFGHI} ; R1
 
1
4

1
þ6  
4
1
ýþß ß
 þ  6 2þ6ß2þ6 L
4
1
ýþß ß 6 8
K 1
 
K
86 Nß
4
  þ
7
2
1
6  
1

ABCD
  
1

4 4

S
3

1
 26  þ
7
  
1

4 4
 T 6
5
 2þ6ß
;
Ú~xwz Ù zw zzŁt{z  ~ ~t zw { öu{vxwŁ z
Pincer − Search 
×
B
ÛU

yz z tu
àwvz Łt{zw 
×
z~v wvuw}xz zw tvz yz {u Vwvz w~w z }wuw zwxØvzŁ zw zŁtxvx~z 
±W
ø XY ù
½Z¸Æ ZÃÁ[ ÂÁ ºú¹ º»¼½Z¾¿ÀÁ
wuŁŁzw {v yz {u }}vuwx yz Łwx uyxyuw 
×
z Ł wx uyxyuw yz
Pincer −
Search
vvztyzw ~x~zŁ zw Ù z~ yz wux{{z
i + 1
yu
Ci+1
t~v
ABS


~x~z
zw u{vxwŁ z uvvàwz  zt{vuwx {v~ öx{  ö° u t{~ yz Łwx uyxyuw }}v} 
zvwux Ł wx t z~zw àwvz Ł u~}  Ú~v { özzŁt{z

 utvØ {z xzu~ 
 u~~ Łwx
uyxyuw  özw }}v}  zw tuv }~zw {z Ł wx v}~zw Ł u xŁ u{
ABCD
zŁ{z z
 uŁ ux àwvz wv~} tuv
Pincer − Search

É ÊËÊ\ ]
2Õ /ÕÓ 2Ô
Ò
Õ /
Î
/Ó
Ò
/
Ò
0^Õ
_ﬁ ïñ õ `î  ðó ﬃ!ñ  îð ﬁañî ñﬀ  ðñô ﬁbðñ ïîõﬁîﬀﬁó
×
ö~ yz ut zw uyutwuwx {z t{~ xŁtvwuw zw yz y}wzvŁ xzv Ù ~z{ xzu~ { öut
tvz tuv xzu~ yxw àwvz uvvàw}z  zw y Ù ~z{ Ł Ł zw {z u~w yxzw y}~wzv 
×
ö zwx zw y özwxŁ zv  öx{ zw xw}vzuw yz y~u{xzv {u vy~vz }uwxz z ~v t~v
wzxv {u vy~vz txwxz twxŁ xwz 
æ
~ u xyzwx
Ý
} ~uwvz tuvuŁ Øwvz t }x
Ý
~z y ö~z xw}vuwx yz { öuttvz tuv
xzu~  zw ~x t z~zw àwvz wz~ y°uŁ x~zŁzw u ~vcw
û
ü
{z xzu~ uw~z{
i d
ü |Bd−≤ i(F )|
 {z Łvz yz Ł wx yz {u vy~vz }uwxz yz wux{{z x}vxz~vz ~ }u{z
Ù
i
zw ~x w y} Ù }w} y}~zvw
d
ü |Fi|
 {z Łvz yz Łwx v}~zw y}~zvw u~ xzu~
i d
ü |Ci|
 {z Łvz yz Ł wx uyxyuw }}v} u~ xzu~
i

"~w y öuvy  u~~ u~w  özw u~wvx} uuw ~ zvwux xzu~  ß zzw  { öuttvz
tuv xzu~ zw wvØ zå uz z tvuwx~z t~v zt{vzv {z tvzŁ xzv xzu~ yz { öztuz
yz vzzvz  u  zt}vxŁ zwuwx  y~u{xzv uuw {z xzu~ ~uwvz tuv zzŁt{z
 öuttvwz u~~z uŁ}{xvuwx 
Łtuv Ł uxwzuw
|Fi|
zw
|Ci|


uv wv~wx  {z Łwx uyxyuw }}v}
tuv
Apriori
w xw yz Ł wx v}~zw  xw yz Ł wx  v}~zw Ł xxŁu~  x z 
Ci = Fi ∪ Bd
−
i (F )

×
z vuwx
|Fi|/|Ci|
vztv}zwz y {u tvtvwx yz Łwx v}~zw
}}v}  ~ ŁŁz ~ { öu xwvy~xw tv}}yzŁŁzw {u tvux{xw} ~ öu ~ Łwx yz
wux{{z
i
y öàwvz v}~zw uuw ~z w~ z ~zzŁ{z {z w 

v ŁŁz ~ { öu
wuw}  zwwz tvux{xw} wzy Ù àwvz wvxwzŁ zw vxuwz yu ~z vuyz tuvwxz yz
u  Ú~tt ~ öÙ ~ xzu~ y} zwwz tvux{xw} xw tvz yz ~ 

uv }~zw 
{ öztuz yz vzzvz vzwuw Ù }w~yxzv zvu tvxxtu{zŁ zw Łt} yz Ł wx v}~zw 
z w°tz yz 
Ý
~vuwx  özw tu uvu{z Ù ~z uttvz tuv xzu~ wz{{z ~ ö
Apriori

yw { özå uxw} v}xyz tvxxtu{zŁ zw yu { özt{xwuwx yz Ł wx  v}~zw Ł xx
Ł u~ t~v }{u~zv { öztuz yz vzzvz  s { ött}  {z wvuw}xz yz u~w w  zu~~t
t{~ zå uz 
×
z zt }vxŁ zwuwx tv}zw}z yu {z utxwvz á w Ł wv} z{u {v~z
{u yxwuz zwvz {z yz~ vy~vz }wuxw xŁ tvwuwz  u z u x{ zw tx {z  z ~wx{x
uw {u tvtvx}w} y öuwxŁwxz y~ tv}yxuw  yz y}y~xvz {u vy~vz txwxz yz Łwx
±±
³´µ ¶ ·¸ ¹ º»¼½Z¾¿ÀÁ ¹Â¹Ã¾¹¾ ZÄ ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ[ È¼½Â·½Á[ ÂÁ[ À¼¾ ZÄ[ Ä ½Åe·Á¸¾[
v}~zw 
×
v~z
|Fi|/|Ci|
zw tvz yz ~  x{ zw y tv}}vu{z yz wttzv { öuttvz
tuv xzu~ zw y özzw~zv {u tuz yz y~u{xuwx 
fñ gðîï ôóﬀﬁò h ðñiñ òðjiñﬀ h
xy}v Ł uxwzuw {z Łwx wz~ tuv ~z y~u{xuwx Ù tuvwxv yz {u  vy~vz
}uwxz z wv~wx  Úxw
X
~ yz z Łwx  z~ u w tx{z
ûX
zw v}~zw
~
X
zw  v}~zw  u z yzvxzv u  ~ tvt y özwxŁ zv { özvvz~v uxwz tuv {z
u~w u
Ý
 yz xxv {u wvuw}xz {u t{~ uyutw}z t~v {u vvxzv 
ß zzw  x ~ Łwx zw  v}~zw Ł ux ìtvz ì yz {u vy~vz txwxz
Ý
u{z  ~
tuv~v yz { öztuz yz vzzvz yz Łwx {z t{~ vuy u~ t{~ t zwxw zvu tuvwx~
{xØvzŁ zw uyutw}  u {z u wvuxvz  x {z Łwx zw ì}{x} ì yz {u vy~vz txwxz  x{
zvu t{~ xw}vzuw y ö}w~yxzv {z Ł wx ìtuv {z u ì x z yz t{~ t zwxw u~ t{~ vuy 
u
Ý
 yz y}~vxv yz ~zu~ Łwx yz {u vy~vz }uwxz zw yz vvxzv {z u~w 

~v zwxŁ zv {u yxwuz zwvz ~ Łwx  v}~zw zw {u vy~vz txwxz  { öu{
vxwŁ z ~wx{xz {u Ł z~vz y özvvz~v ~xuwz  Úxw
δ
~ z~x{
Ý
} tuv { ö~wx{xuwz~v zw ~ z~x{
Ł xxŁ~Ł yz ~ttvw
minsup
 ~z Ł z~vz y özvvz~v t~v ~ Łwx  v}~zw
X
 w}z
error(X,minsup)
 t z~w àwvz y}
Ý
xz yz {u Ł uxØvz ~xuwz
û
+ 
, -

- .k

error(X,minsup) = 1−
support(r,X)
minsup
zwwz Ł z~vz vzlØwz {u yx}vzz zwvz {z ~ttvw yz
X
zw {z z~x{ Ł xxŁ~Ł yz ~ttvw 

{~ {z ~ttvw y ö~ Łwx zw tvz y~ z~x{ Ł xxŁ~Ł yz ~ttvw  t {~ {u Ł z~vz y özvvz~v
wzy zv m}v 
s tuvwxv yz zwwz Ł z~vz  yz~ ~u yxzw àwvz xy}v} t~v {z Łwx 
v}~zw y}~zvw tuv y~u{xuwx
û
ü error(X,minsup) ≤ δ û
{z Łwx
X
}}v} tuv y~u{xuwx zw u~  Ł ux yz {~wx
yxzw z xwzv yu {z ~zzŁ{z tvz yz
X d
ü error(X,minsup) > δ û
{z u~w u }w} wvt twxŁ xwz  u~~z {~wx  öz xwz yu
{z ~zzŁ{z tvz 
z t{~  ~ u {u tvtvx}w} ~xuwz 
 
..

X ⊂ Y ⇒ error(X,minsup) ≤ error(Y,minsup)
±n
ø Xo p
ú¹ º»¼½Z¾¿ÀÁ
zwwz Ł z~vz zw y y}vxuwz  Ł ux tu wvxwzŁ zw y}vxuwz uv {z ~ttvw
t z~w vzwzv wuw {v~z
X
uttuvwxzw Ù ~z {uz y ö}~xu{zz wzuw t{~xz~v
Ł wx 
æ
w
N earBd+i
{ özzŁ{z yz Łwx ìtvz~z v}~zw ì y}~zvw Ù { öxw}vuwx
i û
+ 
, -

- .q

N earBd+i = {X ∈ Bd
+
i r X /∈ F

error(X,minsup) ≤ δ}
 s t ©
ª
¨«¬¡¢­®¯¥
×
öu{vxwŁ z
ABS
tzvŁ zw yz y}~vxv {u vy~vz txwxz zw {u vy~vz }uwxz
yz Łwx v}~zw  { tvzy ~x~zŁzw z tuvuŁ Øwvz y özwv}z {u uz yz y}z yz
wvuuwx zw {z z~x{ Ł xxŁ~Ł yz ~ttvw  {z tuvuŁ Øwvz uyutwuwx w }w}
Ý
} z
t }vxŁ zwu{zŁ zw 
×
öu{vxwŁ z ŁŁzz tuv zt{vzv { öztuz yz vzzvz tuv xzu~ z ~wx{xuw
Apriori
=
{xz Ü& zw 



>

 s u~z xw}vuwx  {u wx
IsDualisationRelevant
=
{xz
U

}w~yxz x { öuttvz tuv xzu~ yxw àwvz wtt}z  Úx  özw {z u  { öu{vxwŁ z u{wzvz
yz y~u{xuwx zwvz {z yz~ vy~vz
=
{xz U ÜÛ


×
z wx
GenPosBorder
zw
GenNegBorder
u{~{zw u~z ~z yz yz~ y~u{xuwx 
GenPosBorder
tzvŁ zw yz
}}vzv {u vy~vz txwxz twxŁ xwz  zw
GenNegBorder
{z Łwx uyxyuw ~wx{x} t~v
vvxzv {z Łwx  v}~zw wvØ }{x} yz {u vy~vz txwxz  z u{~{ w uxw
yz Ł uxØvz xv}Ł zwu{z  { ~wx{xzw y ~x~zŁzw {z Łwx wv~} yu { öxw}vuwx
z ~v 
æ
w ~ öÙ {u {xz Ü
 
GenNegBorder
tvzy z tuvuŁØwvz {z Łwx yz {u vy~vz
txwxz zw {z Łwx ìtvz~z v}~zw ì y}~zvw yu {u vy~vz txwxz twxŁ xwz 
×
z Łwx ìtvz~z v}~zw ì w uxx xy}v} ŁŁz yz Łwx yz {u vy~vz
txwxz  zw w y ~wx{x} t~v }{u~zv { öztuz yz vzzvz  z Ł wx zvw wvuxw}
Ù {u
Ý
  {xz ÜU  tuv {u Ł }wyz
ProcessNearPosBorder
~x zzw~zvu ~ tuv~v tuv
xzu~ yz ìu~w z u ì yz { öztuz yz vzzvz  x z  yz Łwx {z t{~ vuy u~ t{~
t zwxw  u
Ý
 yz y}~vxv {z Łwx v}~zw Ł uxŁ u~ Łu~uw 
Úxzw
n′
{u wux{{z y~ t{~ vuy Łwx yz {u vy~vz }uwxz  zw
k
{z yzvxzv xzu~
zt{v} tuv
Apriori

×
öu{vxwŁ z zvu y yu {z txvz u
2× (n′ − k) + 1
y~u{xuwx
uuw yz y}~vxv {z vy~vz  ß zzw  { öu{vxwŁ z zvu
n′ − k + 1
y~u{xuwx yz {u
vy~vz }uwxz zv {u vy~vz txwxz  zw
n′− k
yz {u vy~vz txwxz zv {u vy~vz
}uwxz 
±u
³´µ ¶ ·¸ ¹ º»¼½Z¾¿ÀÁ ¹Â¹Ã¾¹¾ ZÄ ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ[ È¼½Â·½Á[ ÂÁ[ À¼¾ ZÄ[ Ä ½Åe·Á¸¾[
v õgóð ﬁﬀ!ôñ
²
ABS û
syutwxz
â
vyzv Úzuv
wﬀðjñ x
~z uz yz y}z yz wvuuwx
r
 ~ zwxzv
minsup
yóðﬀﬁñ x
Bd+(F )
uy
Bd−(F )
z{
F1 = {A ∈ r | support(r, A) ≥ minsup}
| {
C2 
stvxvx
ä
z
=
F1 
} {
i = 2 d Bd−1 = R− F1 d Bd
+
0 = ∅ d N earBd
+
0 = ∅
~ { 
!ﬁõñ
Ci 6= ∅
ïó
 {
Fi = {X ∈ Ci | support(r,X) ≥ minsup}
 {
Bd−i = Bd
−
i−1 ∪ (Ci − Fi)
 {
Bd+i−1 = Bd
+
i−2 ∪ {X ∈ Fi−1 | ∀Y ∈ Fi, X 6⊆ Y }
 {
ﬁò
~u{xmuwx z{zuw
=
x 
Bd−i 

Fi 

Ci 
"
Þ
ß
ﬀ!ñ
 {
Bd+i = {X ∈ GenPosBorder(Bd
−
i ) | support(r,X) ≥ minsup}
z {
N earBd+i = {X ∈ GenPosBorder(Bd
−
i ) | error(X,minsup) ≤ δ}
zz{ 
!ﬁõñ
Bd+i 6= Bd
+
i−1
ïó
z| {
Bd−i = {X ∈ GenNegBorder(Bd
+
i ∪N earBd
+
i ) | support(r,X) < minsup}
z} {
Bd+i+1 = {X ∈ GenPosBorder(Bd
−
i ) | support(r,X) ≥ minsup}
z
~
{
N earBd+i+1 = {X ∈ GenPosBorder(Bd
−
i ) | error(X,minsup) ≤ δ}
z {
N earBd+i+1 = N earBd
+
i ∪N earBd
+
i+1
z {
i = i+ 1
z

{
ñï

!ﬁ
õñ
z {

vz
æ
zuv


â
vyzv
=
N earBd+i+1

Bd+i

Bd−i−1 
z { 
ñ
ﬀ
ð
Bd+i
uy
Bd−i−1
uy
ñ
ﬁﬀ
| {
ñï
ﬁ
ò
|z{
Ci+1 
stvxvx
ä
z
=
Fi 
|| {
i = i+ 1
|} {
ñï

!ﬁ
õñ
|
~
{
Bd+i−1 = Bd
+
i−2 ∪ Fi−1
| { 
ñ
ﬀ
ð
Bd+i−1
uy
Bd−i−1
 utt z{ ~ öz Łtuvux { öu{vxwŁ z
Dualize and advance
=
zwx




uxw
|Bd+(F )|
y~u{xuwx 
íîõ
ﬃ
õ ïñ
 ﬀ
ðî
a
ñð

î

 ô
ﬁ

ﬁ
ôî


×
z u{~{ yz wvuzvu~ Ł xxŁu~ zw ~z }wut z xŁtvwuwz yz wvz u{vxwŁ z  zw
yxwxz z tuvwxz {z t zvvŁ uz yz { öxŁt{}Ł zwuwx  u wvz u  {z wvuzv
u~ Ł xxŁ u~ }wuw u{~{} Ù tuvwxv yz { ö°tzvvutz wxw~} yz Łwx yz vy~vz
z wv~wx  ~z uttvz xv}Ł zwu{z zw tv}}vu{z 
z u{~{ t z~w  t~v wvz tv{ØŁ z  àwvz uŁ }{xv} z tvzuw z Łtwz t{~xz~v
uwz~v
û
ü
"~w y öuvy  {z Łwx yz {u vy~vz txwxz twxŁ xwz wz~ z Łt{}Ł zwuw
{z wvuzvu~ Ł xxŁ u~ z yxzw tu àwvz yz wux{{z x}vxz~vz ~ }u{z Ù
k
 	
n
ø Xo p
ú¹ º»¼½Z¾¿ÀÁ
k
zw {z xzu~ uw~z{ ìtuv {z u ì ß zzw  w~ {z Ł wx v}~zw Ł uxŁ u~
 ~~ öÙ z xzu~ w y} Ù }w} wv~} tuv
Apriori

ü
ß~xwz  w~w wvuzvu{ Ł xxŁ~Ł wz~ Ù { ö}wut z
i
zw ~x u y} ~ Łwx
v}~zw yu {u vy~vz txwxz twxŁ xwz  vzwzvu wvuzvu{ Ł xxŁ~Ł ~z{{z
~z xzw {z ~z{{z uvàwz yz { ö°tzvvutz 

{~ vŁ z{{zŁ zw  xw
Bd−(F ) = {A1, ..., Ai, Ai+1, ..., Am}

æ
w
Tri(Bd
−(F ))
{ öz
zŁ{z yz wvuzvu~ Ł xxŁu~ wz~ tuv ~z Ł}wyz xv}Ł zwu{z utvØ u ~w
yz
i
tvzŁ xzv Łwx yz
Bd−(F )
 Úxzw
Si = {X ∈ Tri(Bd
−(F )) | X ∩ Ai+1 6= ∅}
zw
Bi = {X ∈ Tri(Bd
−(F )) | X ∩ Ai+1 = ∅}

Þ
 vuy Łvz yz Ł}wyz xv}Ł zwu{z
~wx{xz {u uvuw}vxuwx }}vx~z ~xuwz t~v ztvxŁ zv
Tri(Bd
−(F ))
z wx yz
Tri+1(Bd
−(F )) û
Tri+1(Bd
−(F )) = Si ∪ {X ∪ {a} | X ∈ Bi, a ∈ Ai+1
wz{ ~z
íóï
}
uz
íóï
yz yxwx ~z yxzw vzt zwzv
X
zw
a
 t ~v ~z
X ∪ {a}
xw ~ wvu
zvu{ Ł xxŁ~Ł y~ ~z{ °tzvvutz  z yxwx y}t zyzw yz {u Ł }wyz ~wx{x}z 
s tuvwxv yz vzŁ uv~z tv}}yzwz zw yz z y}
Ý
xwx   wxzw {z tvtvx}w}
~xuwz 
 
.k

Tri+1(Bd
−(F )) = Si ∪ {X ∪ {a} | X ∈ Bi, a ∈ Ai+1

4
9  Łþ6    
≤
-.
}
⇔ Trm(Bd−(F )) = {Z ∈ Bd
+(F ) | |Z| ≥ k}
1
2
m = |Bd−(F )|

i < m ;
s~wvzŁ zw yxw  Ù u~z u{~{ yz
Tri(Bd
−(F ))
 z~{ {z wvuzvu~ Ł xxŁu~ yw
{u wux{{z zw x}vxz~vz ~ }u{z Ù
n− k
w zv}  {z u~wvz t z~zw àwvz yxvzwzŁ zw
~ttvxŁ } 
 
.q

X ∈ Tri(Bd
−(F ))

X ∈ Bd+(F ) ⇔ X ∈ Trm(Bd
−(F ))
1
2
m = |Bd−(F )|

i ≤ m ;

~v u{~{zv
Tri+1(Bd
−(F ))
 z w°t z yz Ł }wyz tuv~vw { özzŁ{z yz wvuzvu~
Ł xxŁ u~ yz
Tri(Bd
−(F ))
u
Ý
 yz wzwzv x u~z zzŁ{z vzwz ~ wvuzvu{ Ł xxŁ~Ł
utvØ { öu ~w yz { öuvàwz
Ai+1
  u wvz wzwz  x{  özw y tu }zuxvz yz w~ {z
wzwzv uv  uxw y} Ù ~z {z wvuzvu~ Ł xxŁ u~ yw {z Łt{}Ł zwuxvz uttuvwxzw
Ù
Bd+(F )
vzwzvw wvuzvu~ Ł xxŁu~ utvØ { öu ~w yz w~ {z Łwx yz
Bd−(F )

n ²
³´µ ¶ ·¸ ¹ º»¼½Z¾¿ÀÁ ¹Â¹Ã¾¹¾ ZÄ ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ[ È¼½Â·½Á[ ÂÁ[ À¼¾ ZÄ[ Ä ½Åe·Á¸¾[
  ¤ ¡¢¯ ¥­
ª
­¢¬¦
É Ê@ ÊË 
.Óé
Ï
.2
ÍÒ
/
Ò
0-
Í
×
öu{vxwŁ z u }w} y}z{tt} z  z ~wx{xuw {u Ú"
×

×
öxŁ t{}Ł zwuwx yz { öu{
vxwŁ z
Apriori
yz  
â
vz{w
â
v

u }w} xxz t~v zzw~zv {z tuv~v tuv xzu~
uv z{{z zw { öxŁt{}Ł zwuwx y ö
Apriori
{u t{~ t zvvŁ uwz uw~z{{zŁ zw
âã

 ß {{z u
}w} Ł yx
Ý
}z t~v w$zv {u vy~vz }uwxz zw  öuvvàwzv u~ ~w y ö~ zvwux Łvz
y öxw}vuwx z wx yz {u wvuw}xz uyutwuwxz y}
Ý
xz tv}}yzŁŁzw 

~v {z u{~{
xv}Ł zwu{ yz wvuzvu~ Ł xxŁ u~  { öuttvz yz zŁ zwvx zw "x

" Û>

u }w}
~wx{x}z 
×
öxŁt{}Ł zwuwx y ö
ABS
~wx{xz yz uvvz tv}
Ý
} ~ ß t~v w$zv {z wvu
uwx zw {z Łwx 
É Ê@ Êç 
Ó
Ï
10. 2
ÍÒ
/
Ò
0-
Í
Õ
×
z zt}vxŁ zwuwx w }w} v}u{x}z z yz~ wzŁt  u ~ tvzŁ xzv wzŁt  ~
u v}u{x} ~z }w~yz zt }vxŁ zwu{z yz { öu{vxwŁz Ù tuvwxv yz  z~ yz y}z
yxtx{z ~v {z xwz y~




ä
z


æ
~ u }w~yx} { öxl~zz y~ xzu~ y öuv
vàw yz { öuttvz tuv xzu~ ~v {z t zvvŁ uz y ö
ABS


~x { öxŁtuw yz Ł wx
ìtvz~z v}~zw ì zw }w~yx} t~v yx}vzw z~x{ yz Ł z~vz y özvvz~v 
æ
~ u
Ý
u
{zŁ zw Łtuv}
ABS
uz ~uwvz u{vxwŁ z vztv}zwuwx
û Apriori
zw
Eclat â
v


FPmax∗ äã

zw
IBE 
Ú
Þ

æ
w ~z { öu{vxwŁz
IBE
zw y}vx} yz { öu{vxwŁ z 
1
4
 
1
6  M P

1
6 2
äB

+

tv}zw} z zwx



 zw zt{xwz y {~x u~x {u wx yz y~u{xuwx
t~v zzw~zv yz u~w yu { öztuz yz vzzvz 
u ~ yz~ xØŁ z wzŁt  { öxŁt{}Ł zwuwx y ö
ABS
u tuvwxxt } u~ u y özux yz



 ö

âäã

 z zt}vxŁ zwuwx w t zvŁ x yz Łtuvzv {z t zvvŁ uz y ö
ABS
uz ~ t{~ vuy Łvz y öu{vxwŁ z yz y}~zvwz yz Łwx v}~zw Ł uxŁ u~ 
yw {z t{~ t zvvŁ uw uw~z{{zŁ zw  zw ~v yuuwuz yz  z~ yz y}z 
wﬀ
ïñ ñ jð
ﬁ
ôñ
ﬀ
îõñ ïñ

î

 ñ
ﬃﬀ
îïî 
ﬀ
î
ﬀﬁ
ò

ñ
ﬀ
 ðñô
ﬁb
ðñ

ñ jð
ﬁ
ôñ
ﬀ
î
ﬀﬁ
ó

zwwz tvzŁ xØvz tuvwxz yz zt }vxŁ zwuwx u }w} v}u{x}z ~v ~ tzwx~Ł



ä
m uz
Ü
ä
 yz Ł }Łxvz 
×
z °wØŁ z y özt{xwuwx zw
×
x~  zyuw & 

 zw {z Łtx{uwz~v zw


Ûá 
u {u
Ý
~vz & 
  ~ u v} { öuvvàw yz { öuttvz tuv xzu~  zw {z y}~w yz {u
tuz yz y~u{xuwx  Ù yx}vzw xzu~
=
yz

Ù U

~v {z  z~ yz y}z
Connect
zw
Pumsb∗
t~v yz z~x{ Ł xxŁ~Ł yz ~ttvw vzt zwxzŁ zw yz á
<
zw
<
 ŁŁz {z
Łwvzw {z v}~{wuw wz~ t~v z  z~ yz y}z  {z xzu~ u~~z{ u {xz~ {z uz
n÷
ø X 
ÃÅ ½ZÀÁ¸¾¹¾ Z¼¸[
 0
 100
 200
 300
 400
 500
 600
 3  4  5  6  7  8  9  10
Te
m
ps
 T
ot
al
 (s
ec
)
Niveau k
Connect minsup 60%
 0
 20
 40
 60
 80
 100
 120
 140
 3  4  5  6  7  8  9  10
Te
m
ps
 T
ot
al
 (s
ec
)
Niveau k
Pumsb* minsup 30%
'() *
& 

ü

vzŁ xØvz y~u{xuwx u~ xzu~
k
t~v zw
=
u~z

zw t~Ł  
=
yvxwz

Ł zw yz wvuw}xz u ~z vwz xl~zz ~v {z t zvvŁ uz yz { öu{vxwŁ z 

uv zzŁt{z 
~v zw
=
Ý
~vz & 
 yz u~z

{z wzŁt y öz}~wx tz~zw uvxzv  ~~ öÙ ~ uwz~v



z{ {z xzu~ xx t ~v uzv yz wvuw}xz  z v}~{wuw 
Ý
vŁ zw y {u }
zxw} yz
Ý
zv y°uŁ x~zŁzw z tuvuŁØwvz  zw  ~wx
Ý
zw uxx ~z uttvz uyutwuwxz 
z t{~  t~v w~ {z  z~ yz y}z wzw}  wvz wx
IsDualizationRelevant
u
w~ ~v wv~} y°uŁ x~zŁzw {z Ł zx{{z~v xzu~ t~v uvvàwzv { öuttv z tuv xzu~ zw
ŁŁzzv {z y~u{xuwx 
 0
 200
 400
 600
 800
 1000
 1200
 1400
 1600
 0  0.01  0.02  0.03  0.04  0.05  0.06
Te
m
ps
 T
ot
al
 (s
ec
)
seuil minimum d’erreur
minsup 60%
minsup 65%
minsup 70%
minsup 75%
 0
 200
 400
 600
 800
 1000
 1200
 1400
 1600
 1800
 2000
 0  0.01  0.02  0.03  0.04  0.05  0.06
Te
m
ps
 T
ot
al
 (s
ec
)
seuil minimum d’erreur
Minsup 50%
Minsup 60%
Minsup 70%
'() *
& 

ü
"zŁt y öz}~wx y ö
ABS
~v
Pumsb
=
u~z

zw
Connect
=
yvxwz

t~v
yx}vzw z~x{ yz Ł z~vz y özvvz~v
×
öxl~zz yz {u Ł z~vz y özvvz~v zw }u{~}z ~v {u
Ý
~vz & 



~v vuttz{  ~ Łwx yz
{u vy~vz txwxz twxŁ xwz zw ìtvz~z v}~zw ì {v~z  zvvz~v zw x}vxz~vz Ù ~
z~x{
δ

æ
~ u{{ y xx }w~yxzv { öxl~zz yz z z~x{ ~v {z t zvvŁ uz 

~v {z  z~
yz y}z
Pumsb
 {u tvxz z Łtwz yz Łwx ìtvz~z v}~zw ì  öuØvz xw}vzuwz
{v~z {z z~x{ zw tvz yz




 
æ
}uŁx  t~v
Connect
 {u tvxz z Łtwz yz
Ł wx ìtvz~z v}~zw ì  öuttvwz u~~z uŁ }{xvuwx 
×
öz xwzz yz vuyz {uz
y ö}~xu{zz t~v z  z~ yz y}z
=
zwx á 
 


xŁt{x~z ~z {z ~ttvw  özw tu
wvxwzŁ zw y}vxuw 

uv }~zw  {z Łwx xyzwx
Ý
} ŁŁz ìtvz~z v}~zw ì
t z~zw  öu}vzv {x yz {u vy~vz txwxz  Ú~v z w°t z yz  z~ yz y}z  { özt{vuwx
tuv xzu~ yz ìu~w z u ì yz { öztuz yz vzzvz zw ~}z Ù { ö}z 
n#
³´µ ¶ ·¸ ¹ º»¼½Z¾¿ÀÁ ¹Â¹Ã¾¹¾ ZÄ ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ[ È¼½Â·½Á[ ÂÁ[ À¼¾ ZÄ[ Ä ½Åe·Á¸¾[
 1
 10
 100
 1000
 10000
 50 55 60 65 70 75 80 85 90 95
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
ABS
Apriori
Eclat
FPmax*
IBE
'() *
& 

ü
"zŁt y öz}~wx y ö
ABS
~v
Pumsb
 0.1
 1
 10
 100
 1000
 0 5 10 15 20 25 30 35 40 45 50
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
ABS
Apriori
Eclat
FPmax*
IBE
'() *
& >
ü
"zŁt y öz}~wx y ö
ABS
~v
Pumsb∗
 1
 10
 100
 1000
 0 0.02 0.04 0.06 0.08 0.1
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
ABS
Apriori
Eclat
FPmax*
IBE
'() *
& á
ü
"zŁt y öz}~wx y ö
ABS
~v
Retail
 0.1
 1
 10
 100
 1000
 10000
 0 20 40 60 80 100
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
ABS
Apriori
Eclat
FPmax*
IBE
'() *
& &
ü
"zŁt y öz}~wx y ö
ABS
~v
Connect
n0
ø X 
ÃÅ ½ZÀÁ¸¾¹¾ Z¼¸[
 öutvØ {z
Ý
~vz & 

 & á zw & & 
ABS
zw {x y ö}u{zv {z Ł zx{{z~vz xŁt{}Ł zwuwx
~z t~v y}~vxv {z Ł wx v}~zw Ł u xŁ u~ wz{ ~z
FPmax∗ äã

 "~wz
x  x{ wzy Ù àwvz Ł zx{{z~v ~z
IBE 
Ú
Þ
~v {u Ł u z~vz tuvwxz yz  zt}vxŁ zwuwx 
IBE
zw {u z~{z xŁt{}Ł zwuwx yxt x{z ~v {z xwz y~



  öutt~°uw ~v {z ztw
yz y~u{xuwx  zwwz yx}vzz zw z tuvwxz y~z u~ Łvz yz y~u{xuwx uxwz tuv
IBE
 ~x zw yu {u wux{{z yz {u vy~vz txwxz  u{v ~z {z Łvz yz y~u{xuwx
v}u{x}z tuv
ABS
zw yu {u wux{{z y~ t{~ vuy Łwx yz {u vy~vz }uwxz  ß zzw 
IBE
uxw ~z y~u{xuwx t~v u~z Łwx yz {u vy~vz txwxz  zw zwwz y~u{xuwx
{~x t zvŁ zw yz wv~zv ~ z~{ ~zu~ Łwx yz {u vy~vz txwxz  u {z txvz u 
ABS
uxw yz~ y~u{xuwx t~v u~z xzu~ Ù tuvwxv y~ yzvxzv zt{v} tuv
Apriori
 ~~ öu~
xzu~ wzuw {z t{~ vuy Łwx yz {u  vy~vz }uwxz  z ~ttuw ~z {z Łwx
uyxyuw }}v} w yz wux{{z
i+1
=
x { öu{vxwŁz uxw zvz Ł x yz y~u{xuwx


z t{~  Ù u~z xw}vuwx 
ABS
tz~w wv~zv t{~xz~v Ł wx yz {u  vy~vz txwxz  zw
y }{u~zv yz t{~ vuyz tuvwxz yz { öztuz yz vzzvz 
u {u
Ý
~vz & > 
IBE
u yz Łzx{{z~vz t zvvŁ uz ~ ö
ABS
t~v yz z~x{ Ł xx
Ł~Ł  yz ~ttvw t zwxw
=
Łx yz 

<



~v z z~x{ yz ~ttvw  {u wux{{z yz {u vy~vz
txwxz vzwz t zwxwz
=
Łx yz >

Łwx

 u{v ~z z{{z yz {u vy~vz }uwxz y}tuz
106
Łwx  uz zvwux Ł wx yz vuyz wux{{z   özw {z txvz u t~v
ABS

u {u
Ý
~vz & á 
ABS
z Łtvwz ŁŁz tv}~ yz {u Ł àŁ z ŁuxØvz ~ ö
Apriori

ß zzw  {u vy~vz txwxz yz
Retail
zw Łt}z yz ìtzwxw ì Ł wx  zw
Apriori
zw {z
Ł zx{{z~v u{vxwŁz t~v z w°t z yz  z~ yz y}z 

~v yz  z~ wz{ ~z
Connect
=
Ý
~vz & &


ABS
 özw tu u~x zå uz ~z {z
Ł zx{{z~vz xŁt{}Ł zwuwx  tuv zzŁt{z
FPmax∗
 Ł ux uŁ }{xvz
Apriori
tuv ~ uwz~v
yz yx  zw zw Ł zx{{z~v ~z
Eclat
zw
IBE


îð
ﬀﬁﬃﬁ
 î
ﬀﬁ
ó î
 
î
ﬃ
ï `ñ

î
ﬁ
ïñ
_ ¡  
×
öxŁ t{}Ł zwuwx y ö
ABS
u tuv {u ~xwz tuvwxxt } u~ u y özux yz



 ö

âäã


×
z v}~{wuw wz~ t zyuw z wzw 
Ý
vŁ zw z~ wz~ tv}}yzŁŁzw  ŁŁz
{z Ł wvz {u
Ý
~vz & U t~v yx}vzw w°t z yz  z~ yz y}z 
ABS
zw t{~ tuvwx~{xØvz
Ł zw zå uz t~v yz  z~ yz y}z wz{ ~z
retail

Pumsb∗

Connect
~
Mushroom


~v vuttz{  z  z~ yz y}z w yz Ł wx v}~zw Ł u xŁ u~ yz tzwxwz wux{{z  ~
yz Łwx v}~zw Ł u xŁ u~ yz vuyz wux{{z Ł ux uz ~z vy~vz }uwxz Łt}z
yz Ł wx vz{uwxzŁ zw t zwxw
=
x z  ~z vuyz yxwuz zwvz {z vy~vz  utxwvz á



~v yz  z~ yz y}z wz{ ~z
Chess
~
Pumsb
 {z Łwx yz {u vy~vz }uwxz
w vuy zw {z~v Łvz t z~w àwvz xŁtvwuw 

uv }~zw  z{ {z xzu~ 	 zvu
uxwz {u tvzŁ xØvz y~u{xuwx  x{ ° u~vu xw ~z vuyz tuvwxz yz { öztuz yz vzzvz
zt{v}z tuv xzu~  xw ~ vuy Łvz yz y~u{xuwx uz  zu~~t yz Łwx Ù
tvzyvz z Łtwz Ù u~z x 
×
z t zvvŁ uz y ö
ABS
t~v z  z~ yz y}z w
y Łx z
=
Ý
~vz & U


"~wzx  {u wvuw}xz uyutwuwxz t zvŁ zw yu {u Ł u z~vz tuvwxz yz u y ö~wx{xzv
nA
³´µ ¶ ·¸ ¹ º»¼½Z¾¿ÀÁ ¹Â¹Ã¾¹¾ ZÄ ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ[ È¼½Â·½Á[ ÂÁ[ À¼¾ ZÄ[ Ä ½Åe·Á¸¾[
{ öuttvz {u t{~ uyutw}z u~  z~ yz y}z 

uv zzŁt{z  t~v
Retail
 { öuttvz tuv
xzu~ zw w~w {z wzŁt ~wx{x}z uv {z Łwx v}~zw Ł u xŁ u~ w t zwxw  zx z
wvuy~xw ~v {u
Ý
~vz & U tuv yz t zvvŁ uz xyzwx~z Ù
Apriori
  u z u 
ABS
zw
tuvŁ x {z u{vxwŁ z {z t{~ t zvvŁ uw  s { ött}  t~v yz  z~ yz y}z wz{ ~z
Connect
 { öuttvz tuv xzu~ zw wtt }z vutxyzŁ zw u~ tv
Ý
w yz y~u{xuwx  z ~x
t zvŁ zw yz  zu~~t uŁ}{xvzv {z t zvvŁ uz 
×
u wvuw}xz y ö
ABS
uz z wx y~ w°tz yz  z~ yz y}z }w~yx}  Ł ux
u~x z wx y~ z~x{ Ł xxŁ~Ł yz ~ttvw  ß zzw  ŁŁz {z Łwvz {u
Ý
~vz & U
t~v
Mushroom
 { öu{vxwŁ z ~wx{xz { öuttvz tuv xzu~  ~~ öÙ ~ z~x{ Ł xxŁ~Ł
yz ~ttvw yz >

z xv  uv  ~~ öÙ z z~x{ {z Ł wx v}~zw Ł uxŁ u~ vzwzw
vz{uwxzŁ zw t zwxw 

~v yz z~x{ Ł xxŁ~Ł yz ~ttvw t{~ t zwxw  {z Łwx v}~zw
Ł uxŁ u~ yz xzzw t{~ {  { öu{vxwŁ z uz y u wvuw}xz  z ~x z wvuy~xw
~v {u
Ý
~vz & U tuv yz t zvvŁ uz Ł zx{{z~vz ~ ö
Apriori

 0.01
 0.1
 1
 10
 100
 1000
 0 500 1000 1500 2000 2500 3000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Chess
ABS
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0.1
 1
 10
 100
 1000
 20000 25000 30000 35000 40000 45000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Pumsb
ABS
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0.1
 1
 10
 100
 1000
 0 50 100 150 200
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Retail
ABS
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0.1
 1
 10
 100
 1000
 0 5000 10000 15000 20000 25000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Pumsb*
ABS
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0.1
 1
 10
 100
 1000
 30000 40000 50000 60000 70000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Connect
ABS
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
 0.01
 0.1
 1
 10
 100
 1000
 0 500 1000 1500 2000
Te
m
ps
 T
ot
al
 (s
ec
)
Support Minimum
Mushroom
ABS
MAFIA
FPmax*
LCM
afopt
eclat-borgelt
apriori-borgelt
'() *
& U
ü

zvvŁ uz y ö
ABS
Ù



 ö

nW
ø X¢ £
Z[Æ·[[ Z¼¸
 
¤ ¥
¢¦
£¦
¦¦¢¬
×
z zt}vxŁ zwuwx v}u{x}z w Ł x z }xyzz { öxw}vàw yz zwwz uttvz t~v
wvuxwzv yz~ w°tz yz  z~ yz y}z
û
ü
yz  z~ yz y}z u°uw ~z vy~vz txwxz Łt}z yz ìtzwxw ì Ł wx
d
ü
yz  z~ yz y}z u°uw ~z vuyz yx}vzz yz wux{{z zwvz {z Łwx yz
vy~vz txwxz zw }uwxz 
Úx  z v}Øvz Ù {u {ux
Ý
uwx uxwz z zwx á 

tuv vuttvw Ù {u ìyxwuz ì zwvz
{z yz~ vy~vz  z  z~ yz y}z w yz w°t z  zw yz w°t z   

uv ux{{z~v  Ù tuvwxv
yz z v}~{wuw  x{ zw uttuv~ ~z {z Ł zx{{z~v xzu~ t~v zzw~zv {u tvzŁ xØvz y~u{xuwx 
zw wv~} y°uŁ x~zŁzw tuv { öu{vxwŁz  vvzty uttv xŁ uwxzŁ zw u~ xzu~ 	
{z Łvz yz Ł wx y}~zvw yz {u vy~vz }uwxz y}v%w 
×
u
Ý
~vz & Û x{{~wvz z{u
t~v {z  z~ yz y}z
Connect
zw
Pumsb∗
t~v yz z~x{ Ł xxŁ~Ł yz ~ttvw
Ý
} 
ß zzw  t~v
Connect
{z Ł zx{{z~v xzu~ t~v wttzv
Apriori
zw zzw~zv {u tvzŁ xØvz
y~u{xuwx zw á  z ~x vvzty u~ xzu~ 	 {z Łvz yz Ł wx y}~zvw yz {u
vy~vz }uwxz yxŁ x~z 
×
u ŁàŁz z t z~w àwvz zv}z t ~v
Pumsb∗
=
z uxuw
uwvuwx y~ Łvz yz Łwx yz vy~vz }uwxz yz wux{{z Ü


 0
 100
 200
 300
 400
 500
 600
 3  4  5  6  7  8  9  10
Te
m
ps
 T
ot
al
 (s
ec
)
Niveau k
Connect minsup 60%
 0
 100
 200
 300
 400
 500
 600
 700
 800
 900
 0  2  4  6  8  10  12  14  16  18  20
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Connect minsup 60%
Bd−(F)
Bd+(F)
 0
 20
 40
 60
 80
 100
 120
 140
 3  4  5  6  7  8  9  10
Te
m
ps
 T
ot
al
 (s
ec
)
Niveau k
Pumsb* minsup 30%
 0
 500
 1000
 1500
 2000
 2500
 0  2  4  6  8  10  12  14  16
N
om
br
e 
de
 m
ot
ifs
Taille des motifs
Pumsb* minsup 30%
Bd−(F)
Bd+(F)
'() *
& Û
ü
æ
xzu~
k
yz {u tvzŁ xØvz y~u{xuwx zw yxwvx~wx yz vy~vz
z Ł uxØvz }}vu{z  x{ zw u~x uttuv~ ~ ö
ABS
}wuxw Łx t zvvŁ uw ~z {z
Ł zx{{z~v u{vxwŁz wz{ ~z
FPmax∗ äã

~
LCM 
Þ
B
s

 z~ uwz~v z
n±
³´µ ¶ ·¸ ¹ º»¼½Z¾¿ÀÁ ¹Â¹Ã¾¹¾ ZÄ ÂÁ ÂÅÆ¼·ÇÁ ½¾Á ÂÁ[ È¼½Â·½Á[ ÂÁ[ À¼¾ ZÄ[ Ä ½Åe·Á¸¾[
t{x~zw z v}~{wuw Ł xwx}
û
Ü

{z Łtwuz y~ ~ttvw  özw tu twxŁ x} yu wvz
u{vxwŁz zw 


{z cw yz y~u{xuwx vzwz }{z} t~v yz °tzvvutz yz vuyz
wux{{z 
"~w y öuvy  x{ zw xŁtvwuw yz wzv ~z t~v {z tv{ØŁ z yz y}~zvwz yz
Łwx v}~zw  {z t zvvŁ uz yz u{vxwŁ z w vwzŁ zw {x}z u~ twxŁ xuwx
Ł xz z t{uz t~v u{~{zv {z ~ttvw 

~v wuwzv z{u  x{ ~å w y özvzv {z t zvv
Ł uz yz { öxŁt{}Ł zwuwx yz
k−DCI 

×
+

tuv vuttvw Ù z{{z y ö
Apriori â
v

wz~z t zyuw {z zt }vxŁ zwuwx yz




ä
z


k−DCI
utt{x~z {u Ł àŁz wvuw}
xz ~ ö
Apriori
z twxŁ xuw z t{~ {z Łtwuz y~ ~ttvw 

~vwuw  {z t zvvŁ uz
yz
k −DCI
w w~ ~v xz Łzx{{z~vz ~z z{{z y ö
Apriori
  u wvz u  { ö zwx
 ö}wuxw tu y ötwxŁ xzv {z Łtwuz y~ ~ttvw Ł ux yz y}z{ttzv ~z wvuw}xz uyut
wuwxz zw }}vx~z y özt{vuwx yz { öztuz yz vzzvz 

uv }~zw  ~  öu
tu twxŁ x} zwwz t }vuwx  z ~x zt{x~z {u yx}vzz yz t zvvŁ uz uz {z u~wvz
xŁ t{}Ł zwuwx 
z t{~  {z y~u{xuwx uxwz tuv
ABS
vzxzzw Ù u{~{zv yz Ł uxØvz xv}Ł zwu{z
{z wvuzvu~ Ł xxŁ u~ y ö~ °tzvvutz Łt} yz Ł wx yz {u vy~vz }uwxz 

v ŁŁz ~ { öu ~  zwwz t }vuwx tz~w àwvz wvØ cwz~z  "~wzx  ŁŁz
z{u u }w} tv}x} yu
äB

+

 {z u{~{ yz wvuzvu~  öuØyz tu u~ y}z 

uv }~zw  x {u ~uwxw} yz y}z zw wvØ xŁtvwuwz  ~ u{~{ yz wvuzvu~
Ł xxŁu~ t~vvu àwvz Łx cwz~ ~z xŁ t{zŁ zw {xvz {z y}z 

~v {~vz  zw u{vxwŁ z zw Ù wvz uxuz {u tvzŁ xØvz uttvz Ù uyutwzv
 §6
1
 9  6 u wvuw}xz yz tuv~v yz { öztuz yz vzzvz  zwwz wvuw}xz uyut
wuwxz xwz yu ~ tvzŁ xzv wzŁt Ù y}wzvŁ xzv y°uŁ x~zŁzw Ù ~z{ ŁŁzw { öu{
vxwŁ z yxw tuzv y ö~z zt{vuwx tuv xzu~  Ù ~z uttvz zzw~uw yz ìu~w ì
yu { öztuz yz vzzvz  u ~ zy wzŁt  {u wvuw}xz uyutwuwxz t zvŁ zw y özt{x
wzv {z Ł wx ìtvz~z vux ì y}~zvw t zyuw z u~w t~v zt{vzv yx}vzŁŁzw
zvwuxz tuvwxz yz { öztuz yz vzzvz 
×
z zt }vxŁ zwuwx w Łwv} { öxw}vàw yz z
w°t z yz Ł}wyz  Ł àŁ z x {z v}~{wuw zt }vxŁ zwu~ w Ł xwx}  y~ Ù { öxŁtvwuz
yz wzx~z yz Łtwuz t~v z tv{ØŁ z 

uv ux{{z~v  { özå uxw} y ö
ABS
t~vvuxw
àwvz vuyzŁ zw uŁ }{xv}z z utt{x~uw z t{~ ~z wvuw}xz uyutwuwxz yz Łtwuz
y~ ~ttvw wz{{z ~z z{{z ~wx{x}z yu
k −DCI 

×
+


Þ
 u~wvz xw}vàw yz zwwz wvuw}xz uyutwuwxz zw yz t~xv àwvz utt{x~}z z w}vxz
Ù w~w tv{ØŁ z y özwvuwx yz Łwx xw}vzuw vŁ z u~ uyvz w}vx~z tv}zw}
yu {z utxwvz



{~ }}vu{zŁ zw  zx ~{Øz {z tv{ØŁ z yz {u v}~wx{xuwx yz
u{vxwŁz y özwvuwx yz Łwx v}~zw t~v v}~yvz w~w u~wvz tv{ØŁ z }~xu{zw 
zw ut zw u àwvz y}z{tt} yu {u tuvwxz ~xuwz 
nn
ﬀ¨© !ª# « ¬¨ © !«
­
« ) $«) )ﬂ
ﬀ©
!
ﬁ
) ﬃ&
ﬁ
& !+
ﬀ
«) ¬
ﬀ
 
ﬂ ®«¯
©
 
¨
'
©
!
ﬁ
$« #
©
!%) !
ﬁ©
& «))
¨ﬁ©
)
nu

°"¨¬ !© « ±
°ﬁ©«¯©« «© &©¨© $« ﬂ ®¨ ©
,-../012
j 45 ²9< B7A9>< ³A78iDi > @A;;?8:AD8C9= 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 ec
m HIHI aPV l U
O
WbV bSM´µPK
O
V H H H H H H H H H H H H H H H H H H H H H H H H ¶Y
m HIHY aPV LMQ PKLRKTPV bUKT
O
WUKKP[[PV H H H H H H H H H H H H H H H H H H ¶Y
m HIH^ aPV LMQ PKLRKTPV L ·WKT[µ VWUK H H H H H H H H H H H H H H H H H H H H ¶`
m HIH` ¸ MMTSW
O
µSP LP SP´µ¹
O
PV H H H H H H H H H H H H H H H H H H H H H H H ¶_
j 4c º;;?8:AD8C9 ><= A?BC78DEF<= <h 8=DA9D= » ? @<hD7A:D8C9 >< FCD8¼=
89Di7<==A9D= 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 e½
j 4f d<= =C?rD8C9= ?CB8:8<??<= <h 8=DA9D<= ;Cr7 ?@<hD7A:D8C9 >< FCD8¼= ej
Þ
 vuy Łvz yz tv{ØŁ z w }w} xyzwx
Ý
} ŁŁz ì}~xu{zw ì Ù ~ tv{ØŁ z
y özwvuwx yz Łwx v}~zw 
×
z uyvz w}vx~z tv}zw} yu {z utxwvz

{z v
Ł u{xz ~ {u vŁ z yz tv{ØŁ z ìy özwvuwx yz Łwx xw}vzuw ì
=
Łwx u~ z
{uvz


zwwz wx y ö}~xu{zz vzwz }uŁx w}vx~z  {z~v v}{~wx Ù tuvwxv yz
wvuu~ v}u{x} t~v { özwvuwx yz Łwx v}~zw ~{Øz t{~xz~v ~zwx
û
ü

z~w utt{x~zv {z u{vxwŁ z y özwvuwx yz Łwx v}~zw Ù y öu~wvz tv
{ØŁ z ì}~xu{zw ì x ~x Ù ~z{ tvx ¾
ü

z~w ~wx{xzv ~ uyutwzv {z {~wx {xxz{{z z xwuwz t~v {z Łwx
v}~zw yu {z wzwz }}vx~z yz { özwvuwx yz Łwx xw}vzuw ¾
æ
wvz }~xt z u wuŁŁzw }w} vw}z Ù z tv{ØŁ z {v yz { ö~wx{xuwx y öu{
vxwŁ z y özwvuwx yz Łwx v}~zw t~v v}~yvz yz tv{ØŁ z wwu{zŁ zw yx}vzw
wz{ ~z { özwvuwx yz 


××
 yz  

×

 

zw {u v}{~wx yz zvwuxz
tuz y~ tvz~ yz v}}vxw~vz yz vz~àwz yu ~ °wØŁ z y öxw}vuwx yz ~vz
yz y}z }w}vØz
¿


+

> 
¿

á


u {u ~xwz yz z utxwvz  ~ u{{ tv}zwzv yz tv{ØŁ z yz y}~zvwz yz
uxuz vzwvuw yu {z uyvz w}vx~z xy}v} zw }w~yxzv ŁŁzw z xw~zw
u ²
À¼¸¾Á

¾Á Á¾ Å¾¹¾ ÂÁ ºú¹½¾
{z {~wx z xwuwz tuv vuttvw u~ yz~ ~zwx uvy}z xx 
Á
 Â¥ «¡
ª
§¥ Ã
ª
¡¢­ § ©
ª
¤¤¨¢
£
ª
­¢¬¦
u zwwz zwx  ~ y ~z{~z zzŁt{z yz tv{ØŁ z y özwvuwx yz
Łwx xw}vzuw zwvuw yu {z uyvz tv}zw} u~ utxwvz

zw ~x w }w} }w~yx} tuv
wvz }~xt z 
Ä
ÊË ÊË ]
2Õ .-
Ò
0^Õ ^1
ÏÅÑ
2
ÍÒ
Õ
Úxw
r
~z uz yz y}z yz wvuuwx ~v
R

×
z tv{ØŁ z yz y}~vxv { özzŁ{z
yz Łwx v}~zw yu
r
tuv vuttvw Ù ~ z~x{ Ł xxŁ~Ł yz ~ttvw y} tz~w àwvz
vzvŁ~{} yu {z uyvz tv}}yzw 
×
z {uuz
L
zw Łt} yz { özzŁ{z yz tuvwxz yz
R
 x z 
P(R)

×
u uz yz y}z
xy}v}z zw {u uz yz y}z yz wvuuwx 
×
z tv}yxuw ìàwvz v}~zw ì w}
freq

zw y}
Ý
x yz {u uÆ ~xuwz
û
Úxw
X ∈ L, freq(r,X,minsup)
zw vux x
support(r,X) ≥
minsup

×
u vz{uwx y övyvz zw { öx{~x
⊆

×
u w}vvxz
Th
=
r

P(R)

freq 
zw { özzŁ{z
yz Ł wx v}~zw 
×
z ~ttvw }wuw y}vxuw tuv vuttvw Ù { öx{~x  z tv}yxuw zw uwxŁwz 

uv }~zw  {u wx yz vy~vz z xwz
û
{u vy~vz txwxz zw { özzŁ{z yz Ł wx
v}~zw Ł uxŁ u~ tuv vuttvw Ù { öx{~x  u{v ~z {u vy~vz }uwxz zw { özzŁ{z
yz Ł wx  v}~zw Ł xxŁ u~ tuv vuttvw Ù { öx{~x 
Þ
 vuy Łvz yz tv{ØŁ z {x} u~ v}~zw vzwvzw yu z uyvz wz{ ~z {z
tv{ØŁ z yz y}~zvwz yz vztv}zwuwx yz}z yz Ł wx v}~zw  ß zzw 
x{ z vvztyzw ~zw ~ öÙ { öu ~w y ö~z wvuxwz uwxŁwz u~ tv}yxuw
ìàwvz v}~zw ì {z w~w vzwuw y uwxŁwz  "~wzx  t ~v zvwux tv{ØŁ z 
{z tv}yxuw  özw t{~ uwxŁwz  zw y {u wx yz vy~vz  özw tu utt{xu{z 
×
z Ł wx zvŁ } v}~zw z w { özzŁt{z w°tx~z 
Ä
ÊË Êç ]
2Õ
ÎÏ
Ó 2
ÍÎ
/
Í
Ô2Õ ^-
Í
Ô
Ò
0-
ÍÍ
2éé2Õ
z uyvz t z~w u~x àwvz utt{x~} yu ~ wzwz yx}vzw yz Ł wx v}~zw  wz{
~z {u y}~zvwz yz y}t zyuz wxz{{z
=



y ö~z uz yz y}z vz{uwxz{{z 
×
u y}~zvwz yz {u ~zvw~vz ux~z yz 
 =
zzŁ{z yz 

uz ~ z~{ uwwvx~w
z tuvwxz yvxwz zw tuvwxz u~z Ł xxŁu{z

zw ~ zzŁt{z yz tv{ØŁ z uttuvwzuw Ù z
uyvz w}vx~z 
u÷
ÇXY È
¸Á » ½¹¸ÂÁ Ç¹½ZÅ¾Å Â ú¹ÃÃºZÆ¹¾ Z¼¸[
Éjﬃóañðﬀñ ïñ É_ ïñ õî ﬃóañðﬀðñ ﬃîóﬁiñ
Úxw ~z vz{uwx
r
y}
Ý
xz ~v ~ }Ł u yz vz{uwx
R

×
z uwwvx~w ux} Ù
R
w
w}
schema(R)
 Úxw ~z y}t zyuz wxz{{z
X −→ B
 uz
X ⊆ schema(R)
zw
B ∈ schema(R) Ý
} 
Þ
z wz{{z y}t zyuz zw vuxz yu
r
 x t ~v w~w w~t{z
u, v ∈ r

 u
û
x
u
zw
v
w {u Ł àŁz u{z~v t~v {z uwwvx~w yz
X
 u{v x{ w {u Ł àŁz u{z~v
t~v { öuwwvx~w
B
 x z 
u[X] = v[X] ⇒ u[B] = v[B]

z tv{ØŁ z tz~w àwvz vzvŁ~{} yu {z uyvz w}vx~z yz {u Ł uxØvz ~x
uwz


" Û&

û
×
z {uuz
L
zw Łt} yz { özzŁ{z yz tuvwxz yz
schema(R)\{B}
 x z 
P(schema(R)\{B})

×
u uz yz y}z xy}v}z zw {u vz{uwx
r

×
z tv}yxuw yz }{z
wx
q(r,X)
zw vux x zw z~{zŁ zw x
X −→ B
zw vux yu
r
 uz
X ⊆ schema(R)\{B}

×
u vz{uwx y övyvz zw { öx{~x
⊆

×
u w}vxz
Th
=
v 
P(schema(R)\{B})
 

zw { özzŁ{z yz tuvwxz u~z yz y}t zyuz wxz{{z
X −→ B

X ⊆
schema(R)\{B}
 uwxuxwz yu
r

 
.
H 

þ6
r
6  ß
4
1
þ6 ß
R

B
6
1
ßý  
R ;
Łþ6 8ßþ6
q(r,X)
4
  ß8 2
1
 9
 
4
1
Ê
X −→ B
 ß
1
  
1
6
r 3 1
2
X ⊆ schema(R)\{B} ;
q(r,X)
  þ6þþ6  
1
ß ß
1
 þß L
4 5
6 2
4
þ6
;
×
u vy~vz txwxz zw y Łt}z yz t{~ t zwxwz tuvwxz u~z }vx
Ý
uw {u
y}t zyuz wxz{{z 
×
u vy~vz }uwxz zw Łt}z yz t{~ vuyz tuvwxz
u~z z }vx
Ý
uw tu {u y}t zyuz wxz{{z 
É
j
ﬃ
ó
a
ñð
ﬀ
ñ ïñ
 ﬃ
õj

ô
ﬁ

ﬁ
ôîõñ

ï `

ñ ðñõî
ﬀﬁ
ó
×
özwvuwx yz {} Ł xxŁu{z y ö~z vz{uwx zw ~ u~wvz zzŁt{z y öutt{xuwx yz
z uyvz {x}z u~ 

  uttz{ w~w y öuvy {u y}
Ý
xwx yz {} zw ~t zv {} 
+ 
, -

- .
H 

þ
r
6  ß
4
1
þ6 ß
R3

X ⊆ schema(R) ; X
 6 ~t zv {}  
r
 þ6
1
 þß þ
u, v ∈ r, u[X] 6= v[X] ; X
 6  {} Ł xxŁ u{z  
r Ë
þ 
4
 6 {}Ì 
X
 6 
 ß 2
4
8  
r

∀Y ⊂ X,∃u, v ∈ r, u[Y ] = v[Y ] ;
u {u ~xwz   wz vzt zwxzŁ zw
SCle(r)
zw
Cle(r)
{ özzŁ{z yz ~tzv {} zw {}
yz
R

×
z tv{ØŁ z ~x ~ xw}vzz zw  Ù tuvwxv y ö~z vz{uwx
r
~v
R
 y özwvuxvz w~wz
{z {} Ł xxŁ u{z yz
r

æ
w ~z {z tv{ØŁ z yz y}xx  ~x xwz Ù uxv  öx{ z xwz 
yu ~z vz{uwx y}z  ~z {} yz wux{{z x}vxz~vz Ù
k
y}  zw
æ
Łt{zw
â


ÚU


u z wzwz  {z Łw y~ {uuz w {z ~zzŁ{z y öuwwvx~w yz
schema(R)
 x z 
P(schema(R))

×
övyvz tuvwxz{
¹
zw wvx xu{zŁzw { öx{~x zzŁ{xwz
⊆

u#
À¼¸¾Á

¾Á Á¾ Å¾¹¾ ÂÁ ºú¹½¾
×
z tv}yxuw ìàwvz ~z {} Ł xxŁu{z ì  ö}wuw tu Ł wz ~ uwxŁwz  }w~yx
{z tv}yxuw ìàwvz ~z ~tzv {} ì "vØ vutxyzŁ zw    öut zvÆxw ~z zwwz wx yz ~tzv
{} zw Ł wz 
 
.Í

 þ6
r
6  ß
4
1
þ6 
X
6 6  ý
4
  
5
1
ßý  
schema(R) ; Î
þþ6
P (X, r)
4

 ß8 2
1
 9   Ï  6   ß 2
4
8  
1
6
r ;
P (X, r)
  þ6þþ6  
1
ß ß
1
 þß L
⊆ ;

vz~z
Î
þ  þ6  þ6ßß 9  þß þ Ï
3 Ð

4
9 
X ⊂ Y 3
þ6
1
J
Ë
Ï
3
ßÌ ß
1

⇒
J
ËÐ3
ßÌ ß
1

;
 þþ6 9
J
Ë
Ï
3
ßÌ  ß
1

⇒ ∀u, v ∈ r, u[X] 6= v[X] ;
⇒ ∀u, v ∈ r, u[X ∪ Y \X] 6= v[X ∪ Y \X] ;
 þ6 2
J
ËÐ3
ßÌ  ß
1

3
297  
;
×
z {} Ł xxŁ u{z y ö~z vz{uwx w {z ~t zv {} Ł xxŁ u{z tuv x{~x  z t{~ 
SCle(r)
zw { tuv {z u~w 
Cle(r)
tz~w u{v àwvz uvuw}vx} Ù tuvwxv yz {u  vy~vz
txwxz yz ~tzv {}  x z  {z t{~ t zwxwz ~t zv {} tuv vuttvw Ù { öx{~x
=
{z tv}yxuw
}wuw Ł wz


 
.Ñ

Cle(r) = Bd+(SCle(r))
Ä
ÊË Ê@ ]
2Õ
ÎÏ
Ó 2
ÍÎ
/
Í
Ô2Õ
Î Ò
0
Í
Ôé
Ñ
Õ0-
Í
×
z y}t zyuz y öx{~x
=


w yz wvuxwz }Ł uwx~z yuŁzwu{z t~v
{z uz yz y}z vz{uwxz{{z


Û

 sÓÔ Û> 
××
ÛÛ



u{v} {u wx y övyvz x}
vzwz u~   z tv{ØŁ z zw vztv}zwu{z tuv yz zzŁ{z


>


Úxzw
r
zw
s
yz~ vz{uwx  vzt zwxzŁ zw yz }Ł u
R
zw
S

Þ
z y}tzyuz y öx{~
x zw ~z ztvzx yz {u vŁ z
R[X] ⊆ S[Y ]
 	
X
zw
Y
w yz }~zz y öuwwvx~w
yz
schema(R)
zw
schema(S)
vzt zwxzŁ zw wz{ ~z
|X| = |Y |

×
u 
R[X] ⊆ S[Y ]
zw
uwxuxwz yu
(r, s)
x w~wz {z u{z~v yz
X
yu
r
w u~x yz u{z~v yz
Y
yu
s

zwwz wx }}vu{xz {z wvuxwz yz {} }wvuØvz 
z tv{ØŁ z tz~w àwvz vzvŁ~{} yu {z uyvz yz y}~zvwz yz uxuz xwvy~xw
tv}}yzŁŁzw


" Û&


×
z {uuz
L
zw wxw~} yz w~wz {z y}t zyuz y öx{~x
 wvx xu{z 
Þ
 vyvz tuvwxz{ ~v {z  t z~w àwvz y}
Ý
x yz {u Ł uxØvz ~xuwz
û
x
i
zw
j
w yz~  
j ¹ i
x
j
tz~w àwvz wz~ z zzw~uw {u Ł àŁ z tv zwx ~v {z
yz~ tuvwxz yz
i


uv zzŁt{z 
R[AB] ⊆ S[EF ] ¹ R[ABC] ⊆ S[EFG]

×
z tv}yxuw
yz }{zwx
P (r, s, R[X] ⊆ S[Y ])
zw vux x {u y}t zyuz
R[X] ⊆ S[Y ]
zw uwxuxwz
u0
ÇXY È
¸Á » ½¹¸ÂÁ Ç¹½ZÅ¾Å Â ú¹ÃÃºZÆ¹¾ Z¼¸[
yu
(r, s)

×
z tv{ØŁ z yz ~x{{z yz y}z ~ uzw t z~w àwvz vŁ~{} yz {u Ł uxØvz
~xuwz
û
ìÚxw ~z uz yz y}z  wv~zv w~wz {z y}t zyuz y öx{~x uwxuxwz
yu zwwz uz yz y}z ì
B

ÚÛ
 
B





 
.Õ

 þ6
r

s
 : ß
4
1
þ6
;
Łþ6 8ßþ6
X

Y
  þP6  ý
4
  
5
1
ßý  
R

S
ß 2  6
Ë
r
Ï
rÖr
Ð
r
Ì
; Î
þþ6
P ( r, s, R[X] ⊆ S[Y ] )
4
  ß8 2
1
 9  
R[X] ⊆ S[Y ]
 
1
7
1
  
1
6
(r, s) ;
P (r, s, R[X] ⊆ S[Y ])

1
6P þ6þþ6  
1
ß ß
1
 þß L
¹ ;
×
z tv}yxuw }wuw uwxŁwz vz{uwxzŁ zw Ù { övyvz ~wx{x}  {u wx yz vy~vz
t z~w àwvz utt{x~}z t~v z tv{ØŁ z 
×
u vy~vz txwxz
Bd+(I)
zw { özzŁ{z yz
y}t zyuz y öx{~x uwxuxwz {z t{~ t }xu{x}z 
×
u vy~vz }uwxz
Bd−(I)
zw
{ özzŁ{z yz y}t zyuz y öx{~x  uwxuxwz {z t{~ }}vu{z tuv vuttvw Ù
{ övyvz ~wx{x} 
×
öwzwx y ö~z vztv}zwuwx zzŁ{xwz yz z tv{ØŁ z z uxw y öutvØ { öxw~x
wx ~xuwz
û
Úxw
I1
{ özzŁ{z yz y}t zyuz y öx{~x uwxuxwz yz wux{{z Ü
×
u
wx
ens
tzvŁ zw y öuxzv Ù u~z y}tzyuz y öx{~x yz
L
 ~ zzŁ{z yz
y}t zyuz y öx{~x ~uxvz yz {u Ł uxØvz ~xuwz
û ens(i) = {j ∈ I1|j ¹ i}


uv zzŁt{z  xy}v {u y}t zyuz y öx{~x
R[ABC] ⊆ S[FGH]
 uz
{A,B,C} ∈ schema(R)
zw
{F,G,H} ∈ schema(S)


 u u{v
ens(R[ABC] ⊆
S[FGH]) = {R[A] ⊆ S[F ], R[B] ⊆ S[G], R[C] ⊆ S[H]}

ß xy}vuw ~x~zŁ zw {z  yw {u tuvwxz u~z vzt zwz ~ vyvz
Ý
}  
wxzw ~z {u wx
ens
zw x zwxz zw uyŁzw ~z wx xzvz
ens−1
  u
{z u wvuxvz  {u wx
ens
z zvuxw tu x zwxz 

uv zzŁt{z  x{ zvuxw tx {z
y öuxv
ens(R[AA] ⊆ S[DE]) = ens(R[AA] ⊆ S[ED])
 t ~v zŁ u
=

 ×
s 
â
 Ø zw
zŁ u
=
Ú
×
 ß 

Ø  zwwz wvuvŁ uwx zw xŁt{z Ł ux }zxwz yz vzwvzxyvz {z  
tvxz z Łtwz Ù { özzŁ{z
C
y}
Ý
x yz {u Ł uxØvz ~xuwz


>

û
C = {i = R[A1...An] ⊆ S[B1...Bn] | ∀k, l, 1 ≤ k < l ≤ n,
(Ak < Al) ∨ (Ak = Al ∧Bk < Bl)
zw x  wvx xu{z
}
æ
w ~z zwwz vzwvxwx  öxŁt{x~z u~~z tzvwz yz uxuz  vÙz u~ °wØŁ z
y öx}vzz yz

xwz{{


xwU


Ä
ÊËÊ\ Ú ÏÏ
Ô10
ÒÑ
12
Î
2 12
ÅÑÛÒ
2Õ
×
u v}}vxw~vz yz vz~àwz Ù tuvwxv yz ~z zw ~z tv{}Ł uwx~z xŁtvwuwz  yw
{z utt{xuwx w yz { ötwxŁ xuwx yz vz~àwz Ù { öxw}vuwx yz ~vz }w}vØz 
u
¿


+

>

 {z u~wz~v w t{~ tuvwx~{xØvzŁ zw }w~yx} z tv{ØŁ z z tv}zz yz
uA
À¼¸¾Á

¾Á Á¾ Å¾¹¾ ÂÁ ºú¹½¾
wvuxwz yz u{z~v  zw w Ł wv} ~z zvwuxz }wut z yz {u v}}vxw~vz t~uxzw z
vŁ~{zv yu {z uyvz yz ~x{{z yz y}z ~z ~ uvy xx 
×
z tv{ØŁ z yz {u v}}vxw~vz yz vz~àwz z wzvŁ z yz ~z t z~w  ö}zv yz {u uÆ
~xuwz
û
Úxzw
Q
~z vz~àwz zw
V
~ zzŁ{z yz ~z  {z tv{ØŁ z xwz Ù vzvŁ~{zv
~z vz~àwz
Q
z ~z ztvzx  uttz{}z v}}vxw~vz  ~x ~wx{xz ~x~zŁ zw {z ~z yz
V
zw ~x zw Ł uxŁ u{zŁ zw wz~z yu
Q 
Óu{

Ü
Þ
{{


×
u v}}vxw~vz yz vz~àwz t z~w
àwvz ~z ŁŁz ~z wzx~z t~v u{~{zv {z v}tz Ù ~z vz~àwz yu ~ °wØŁ z
yz Ł }yxuwx ~xuw ~z uttvz
×
sÔ
=×
u{ s  Ô xzÜ

 u z w°t z y öuttvz  {z
~z  t xw y öuØ u~ ~vz yz y}z  w y}vxwz ŁŁz yz vz~àwz z wzvŁ z
y~ }Ł u {u{ y~ Ł}yxuwz~v 
u zvwux u  { öztvzx yz wvuxwz yz u{z~v t zvŁ zw y öwzxv yz yz
vxtwx yz vz~àwz zw yz ~z wvØ
Ý
z 

uv zzŁt{z  ~z vz~àwz t z~w yzŁ uyzv {z
tuvz{{z ~{w~vu{z yz ~Ł}v yz ŁŁ~z
23200
~
23400
~x w vzÆ~ yz t zwxxyz
y~vuw {z u}z
2001
~
2002

×
z wvuxwz yz u{z~v w xx t zvŁ x yz t }x
Ý
zv {z
u{z~v tx{z yz uwwvx~w ~Ł}v yz ŁŁ~z zw u}z 

~v v}~yvz {z tv{ØŁ z yz {u v}}vxw~vz yz vz~àwz z wzvŁ z yz ~z z tv}zz
yz wvuxwz yz u{z~v  {z u~wz~v yu
¿


+

>

 öutt~xzw yu ~ tvzŁ xzv wzŁt
~v {z uyvz vŁ z{ yz {x~z yz yzvxtwx
â


+

zw uytuwzw ~ u{vxwŁ z yz
v}}vxw~vz yu {z uyvz yz {u {x~z }w~yx}z  ß~xwz  zvwuxz }wut z cwz~z yz zw
u{vxwŁz w vzvŁ~{}z z tv{ØŁ z y özwvuwx yz Łwx xw}vzuw  t zvŁ zwwuw
uxx y özt{xwzv {z u{vxwŁ z z xwuw yu z yŁuxz zw y ötwxŁ xzv z }wut z 
æ
w ~z t~v zw zzŁt{z {z xzu~ yz vu~{uvxw} zw yx}vzw yz zzŁt{z tv}
}yzw  Úz~{z zvwuxz }wut z yz {u Ł }wyz yz v}{~wx tz~zw àwvz vzvŁ~{}z z
tv{ØŁ z y özwvuwx yz Łwx xw}vzuw  zw  { özzŁ{z y~ tv{ØŁ z ŁŁz z{u
zw {z u t~v {z v}~zw  {z 

~ {z    "~wzx  z }wut z wxw~zw ~ txw
yxå x{z yz {u Ł }wyz z wzvŁ z yz tuuz Ù { ö}z{{z 
×
z~v vzvŁ~{uwx yu z uyvz
w}vx~z t zvŁ zw y y özt{xwzv {z Ł }wyz zå uz y}z{tt}z t~v { özwvuwx yz
Łwx 
Á
s Ý¤¤¨¢
£
ª
­¢¬ §¥¦
ª
¨«¬¡¢­®¯¥¦ ¥ ¢¦­
ª
­¦ Þ ¨ ©¥­¡
ª
£
­¢¬
§¥ ¯¬­¢ß¦ ¢­¡¥¦¦
ª
­¦
u zwwz zwx  ~ u{{ ~ xw}vzzv Ù {u ~zwx yz { öutt{xuwx yz u{
vxwŁ z z xwuw y özwvuwx yz Łwx v}~zw yu {z uyvz w}vx~z yz


" Û&


"~w y öuvy  ~ u{{ xŁt{zŁ zw }w~yxzv  öx{ zw tx {z y ö~wx{xzv z u{vxwŁ z
yu z ~zu~ wzwz  zw ~ ~z{{z yxwx  ß~xwz  ~ zvv { öxŁtuw ~z
z{u u ~v {z u{vxwŁz 
ŁŁz ~ { öu ~ tv}}yzŁŁzw  {u Ł u vxw} yz u{vxwŁ z ~wx{xzw yz tv
uW
ÇXo
³ÃÃºZÆ¹¾ Z¼¸ ÂÁ[ ¹ º»¼½Z¾¿ÀÁ[ Á

Z[¾¹ ¸¾[ à ºúÁ

¾ ½¹Æ¾ Z¼¸ ÂÁ À¼¾ ZÄ[ Z¸¾Å ½Á[[¹¸¾[
tvx}w} {x}z u~ ~ttvw t ~v uŁ }{xvzv {z~v zå uxw} 
æ
}uŁx  x{ zw ~zw tx{z yz
{z ~ttvxŁ zv zw y ö~wx{xzv ~x~zŁ zw {u wvuw}xz ìux~z ì y özt{vuwx yz { öztuz yz
vzzvz yz { öu{vxwŁ z 
×
z u{vxwŁz
Mafia â

ä

Ü

zw
GenMax äã

Ü

w tuv
zzŁt{z yu z u  { ~wx{xzw yz twxŁ xuwx tvtvz u~ v}~zw  Ł ux t z~zw
àwvz v}y~xw u~ tuv~v yz { öztuz yz vzzvz ~ öx{ zzw~zw  x z  ~ tuv~v z tv
yz~v uz }{uuz Ù tuvwxv yz Łwx yz {u vy~vz txwxz y}~zvw
=
zwx


 Ü


"~wzx  z  özw tu w~ ~v {z u 
Þ
z wvuw}xz wz{{z ~z z{{z ~wx{x}z tuv
FP − growth 
Ó
á 
zw wwu{zŁ zw y}t zyuwz y~ tv{ØŁ z yz Ł wx v}~zw
=
z
wx


 


 z {u Ł àŁ z ŁuxØvz 
LCM 
Þ
s
Þ
s

z t z~w àwvz utt{x~} ~z x {u wx
yz zvŁ zw~vz z xwz
=
zwx


 



z t{~  z uyutwuwx vx~zw yz  zu~~t uzwzv {z t zvvŁ uz yz u{
vxwŁ z  zw t z~zw Ł àŁz xl~zzv {u wvuw}xz y özt{vuwx yz { öztuz yz vzzvz 
ß zzw  {z~v t zvvŁ uz y}t zyzw vwzŁ zw y ötwxŁ xuwx t }x
Ý
~z u~ tv}yx
uw ìàwvz v}~zw ì wuŁŁzw t~v uŁ}{xvzv {z u{~{ y~ ~ttvw
=
zwx > 
 zw & 




uv }~zw  {z~v zå uxw} t~v ~ u~wvz tv}yxuw zw t{~ ~ öxzvwuxz 
×
z u{
vxwŁ z {z t{~ t zvvŁ uw t~v { özwvuwx yz Ł wx v}~zw z {z w y tu
}zuxvzŁ zw t~v ~ tv{ØŁ z }~xu{zw 
×
z wvuw}xz y özt{vuwx yz { öztuz yz vzzvz t z~zw u~x àwvz uzw}z 

uv
zzŁt{z  {z u~w zzw~} tuv ~z vuyz tuvwxz yz z u{vxwŁz w }}vu{zŁ zw
uttv xŁ uwx zw y}t zyzw yz { övyvz yu {z~z{ {z Łwx w xy}v} 

~v {z tv
{ØŁ z yz { özwvuwx yz Łwx v}~zw  {z Ł wx w ~zw vy} tuv ~ttvw
vxuw  ŁŁz { öw Ł wv} yx}vzw wvuu~

ss

Ü
â
v


â
y

 zw vyvz t zv
Ł zw z tvuwx~z y öuŁ }{xvzv vwzŁ zw {z t zvvŁ uz yz u{vxwŁ z  "~wzx  zwwz
z~vxwx~z zw tvtvz u~ tv{ØŁ z yz v}~zw  zw t z~w yxå x{zŁ zw àwvz utt{x~}z yu
~ u~wvz wzwz 
z ŁuxØvz }}vu{z  t z~ y öu{vxwŁ z  öutt~xzw ~v ~z wvuw}xz wwu{zŁ zw }}
vx~z t~uw àwvz utt{x~}z yxvzwzŁ zw Ù  öxŁtvwz ~z{ tv{ØŁ z y özwvuwx yz Łwx
xw}vzuw  s wxwvz y özzŁt{z  yz u{vxwŁ z wz{ ~ ö
Apriori 
s ÚÛ


Eclat ã


×
Û&

~
Dualize and Advance äB

+

w yu z u  ŁŁz ~ u{{ {z xv Ł uxwz
uw  { öu{vxwŁ z
ABS 

~z ~ u tvt} uxw u~x tuvwxz yz zwwz uŁ x{{z
y öu{vxwŁz wwu{zŁ zw }}vx~z 
âjjð
ﬁﬃﬁﬀ
j ï `vãy
×
öu{vxwŁ z
ABS
 öutt~xz ~v yz~ w°tz yz wvuw}xz
û
{u tvz
Ł xØvz zw ~ tuv~v tuv xzu~ xyzwx~z Ù z{~x ~wx{x} yu
Apriori
=
zwx

ÜÜ


zw {u yz~ xØŁ z zw u}z ~v {u wx yz y~u{xuwx
=
zwx






v ŁŁz z{u u }w}
Ł wv} yu


" Û&


Apriori
tz~w àwvz }}vu{x} Ù w~w tv{ØŁ z y özwvuwx yz Ł
wx xw}vzuw  u Łyx
Ý
uwx yz u wvuw}xz  z Ł àŁ z  {z y~u{xuwx zzw~}z
z~xwz tuv
ABS
 öutt~xzw ~v {z w}vØŁ z y}
Ý
x z zwx

t~v { özzŁ{z yz
tv{ØŁ z y özwvuwx yz Łwx xw}vzuw vztv}zwu{z tuv yz zzŁ{z 
ABS
zw u~x y} ~v yz~ ut zw uyutwuwx
=
zwx & Ü 



×
z tvzŁ xzv  zw {z
t{~ xŁ tvwuw  t zvŁ zw yz y}wzvŁ xzv {u
Ý
 yz { öuttvz tuv xzu~ zw {z y}~w yz {u
u±
À¼¸¾Á

¾Á Á¾ Å¾¹¾ ÂÁ ºú¹½¾
tuz yz y~u{xuwx zwvz {z yz~ vy~vz 

~v {z tv{ØŁ z yz Łwx v}~zw  z
uzŁzw yz wvuw}xz zw y}wzvŁ x} y öutvØ {u tvtvwx yz Łwx v}~zw }}v}
{v yz {u yzvxØvz xw}vuwx y ö
Apriori
=
zwx & Ü 


 zwwz wvuw}xz uyutwuwxz t z~w y
xŁt{zŁ zw àwvz }}vu{x}z z }w~yxuw {u tvtvwx yz Łwx xw}vzuw }}v} tuv
{ öuttvz tuv xzu~ 
×
z zy ut zw uyutwuwx zt{xwz { ö}{xzŁ zw y ö~ Łwx tuv vuttvw Ù {u  vy~vz
txwxz
=
zwx & Ü



â
xz ~z {u y}
Ý
xwx yz {u Ł z~vz xw vwzŁ zw y}t zyuwz
y~ tv{ØŁ z }w~yx}  zwwz wx zw }}vx~z zw t z~w àwvz vzy}
Ý
xz t~v w~w tv{ØŁ z
y özwvuwx yz Łwx xw}vzuw 

uv zzŁt{z  yu {z uyvz yz { ö}w~yz yz   {z t{~
t }xu{x}z  ~z Łz~vz u }w} y}
Ý
xz yu

×
"




zw t zvŁ zw uxx y özwxŁ zv {u yxwuz
zwvz ~z   uwxuxwz zw {u vy~vz txwxz 

~v
Ý
xv  w ~z { ö zwx yz zw u{vxwŁ z zw yz {xŁ xwzv {z Łvz yz Ł wx
uyxyuw wzw} tuv vuttvw u~ tv}yxuw  zw  y ötwxŁ xzv {z wvuxwzŁ zw y~ tv}yxuw 
Ú zå uxw} zw y wwu{zŁ zw xy}t zyuwz y~ tv}yxuw xy}v}  wvuxvzŁ zw u~
Łzx{{z~v u{vxwŁ z y özwvuwx yz Łwx v}~zw 
×
özå uxw} yz z w°t z yz wvuw}xz u }w} y}Łwv}z yu


t ~v {z tv{ØŁ z
yz { özwvuwx yz  

~v z tv{ØŁ z  {z cw y~ wzw y~ tv}yxuw zw xŁ tvwuw  z
~x zt{x~z { öxw}vàw yz wvz uttvz yw { ö zwx zw yz {xŁ xwzv {z Łvz yz Ł wx
wzw}  zw xw}vàw zw u~x z tuvwxz {x} Ù ~z tvtvx}w} w}vx~z yz  ~x z wvuy~xw
tuv yz yxwvx~wx yz vy~vz tuvwx~{xØvz  vvztyuw u~ w°tz 
=
vuyz yxwuz
zwvz {z vy~vz

zw u~ w°tz 
=
vy~vz tvz Ł ux Łt}z yz t zwxw }{}Ł zw

yz {u {ux
Ý
uwx tvt}z yu {z utxwvz á 
æ
w ~z {z v}~{wuw y~ utxwvz á t z~zw uxx àwvz }}vu{x} u~ tv{ØŁ z
y özwvuwx yz Łwx xw}vzuw 

~v z w°t z yz tv{ØŁ z  { ö}w~yz yz {u  vy~vz
txwxz zw yz {u vy~vz }uwxz y ö~ tv}yxuw uwxŁwz
=
~ Łwz

y}
tz~w ~ t zvŁ zwwvz y öuxv yz xvŁ uwx wvØ }}vu{z ~v z tv}yxuw  zwwz }w~yz
tz~w wuŁŁzw ~ t zvŁ zwwvz yz Ł xz~ uttv}zyzv {z ŁtvwzŁ zw yz yx}vzwz
wvuw}xz z xwuwz  zw yzv yz xyxuwx ~v { öz xwzz yz tvtvx}w} ux}z u~
tv}yxuw }w~yx} 
Á
 t¥¦ ¦¬¨
¦
­¢¬¦ ¨¬«¢
£
¢¥¨¨¥¦ ¥ ¢¦­
ª
­¥¦ ¤ ¬
¦
¡ ¨ ©¥­¡
ª
£
­¢¬
§¥ ¯¬­¢ß¦
Þ
z vuyz tuvwxz yz xŁt{}Ł zwuwx yz u{vxwŁ z y özwvuwx yz Łwx v}
~zw z tv}zwz ~ {u vŁ z yz tvvuŁŁz xy}t zyuw  y}z{tt} tvxxtu{zŁ zw
t~v }u{~zv { özå uxw} yz { öu{vxwŁ z   özw wuŁŁzw {z u yz w~wz {z xŁt{}Ł z
wuwx vzy~z yxtx{z tuv {z uwz{xzv



 
 öu~wvz wvuu~ wz{ ~z
Illimine 
Ó
ä

>

~
Weka 
ä 
>

 tvtzw yz ~wx{ yz
~x{{z yz y}z zw y öuttvzwxuz {xvz yz yvxw xw}vuw yz u{vxwŁ z y özwvuwx
un
ÇX p
Á[ [¼ º·¾ Z¼¸[ º¼» ZÆ ZÁ ººÁ[ Á

Z[¾¹ ¸¾Á[ Ã¼·½ ºúÁ

¾ ½¹Æ¾ Z¼¸ ÂÁ À¼¾ ZÄ[
yz Łwx v}~zw 
×
z tv zw
Illimine
zw ~z {xvuxvxz å y}z{tt}z tuv { ö}~xt z yz vzzvz y~
tvzz~v
¿
 Óu  zw vzv~tuw {z xŁt{}Ł zwuwx yz u{vxwŁ z tvt} tuv z{{zx 
×
z yŁuxz uw~z{{zŁ zw uvy} tuv z tv zw w {z ~z yz y}z  {u y}~zvwz
yz vØ{z y öuxuwx  { özwvuwx yz Łwx }~zwxz{  {u ~x{{z yz vutz zw {u
{ux
Ý
uwx  z t{~  yz ~wx{ w }w} y}z{tt} u~ zx yz z tv zw u
Ý
 yz ux{xwzv
{ ö~wx{xuwx yz z}~wu{z 
z  Vw} 
Weka
zw ~ {xxz{ vuw~xw y öuttvzwxuz zw yz ~x{{z yz y}z tuvŁ x
{z t{~ ~wx{x}  z {xxz{  y}z{tt} z
¿
uu zw wxw~} y ö~z xwzvuz vutx~z 
vzv~tz ~z {{zwx y öu{vxwŁ z y öuttvzwxuz zw yz ~x{{z yz y}z  { wxzw
yz ~wx{ t~v {z tv}wvuxwzŁ zw yz y}z  {u {ux
Ý
uwx  {u v}vzx  {u y}~zvwz
yz vØ{z y öuxuwx zw {u  x~u{xuwx  s tuvwxv yz { öxwzvuz vutx~z  z {xxz{
t zvŁ zw u~x yz y}z{ttzv yz ~zu~ tvz~ y özwvuwx yz uxuz 

{~
ux~zŁzw 
Weka
tz~w u~x àwvz ~wx{x} wz{{z ~z {xvuxvxz yz Łtuw
¿
uu 
"~wzx  z wvuu~ z w ~z vzv~tzv yz xŁt{}Łzwuwx y öu{vxwŁ z y}yx}z
zw twxŁ x}z t~v {u v}{~wx yz tv{ØŁ z tv}x  z tvvuŁŁz z tz~zw y
tu àwvz ~wx{x} t~v v}~yvz y öu~wvz tv{ØŁ z Ł àŁ z  öx{ w }~xu{zw 
×
z yz
~vz z w tu w~ ~v yxtx{z  zw {v~ öx{ {z w {z~v Łyx
Ý
uwx  öuØvz
yxå x{z xvz xŁ tx {z yz tuv {u Łt{z xw} yz { öxŁt{}Ł zwuwx 
æ
w ~z yz {~wx ŁŁzvxu{z z xwzw u~x 

uv zzŁt{z 
SAS Enterprise Miner
tzvŁ zw y öutt{x~zv yx}vzw wvuxwzŁ zw yz ~x{{z yz
y}z  yw { özwvuwx yz Łwx v}~zw 

ux { ö~wx{xuwx yz u{vxwŁ z xw}v}
u~ {xxz{ t ~v v}~yvz w~w u~wvz tv{ØŁ z ~z z{~ x tv}~ xxwxu{zŁ zw zw xŁtx{z 
y öu~wuw t{~ ~z {z yz ~vz  özw tu yxtx{z 
s wvz uxuz  ~ z~{ wvuux{ wzy Ù tvt zv ~z {~wx ì}}vx~z ì xuw
Ù xŁt{x
Ý
zv {u v}~wx{xuwx yz u{vxwŁ z y özwvuwx yz Łwx v}~zw
û
{u {xvuxvxz


"
× =
uwu

xx "zŁt{uwz
×
xvuv°
 
ÓÚ
+

>

 ß {{z t zvŁ zw Ù { ö~wx{xuwz~v y öuyutwzv
{z u{vxwŁ z xŁt{}Ł zw} tuv { ö}~xt z yz


¿

ã
u$ x u
Ý
 yz v}~yvz yz tv{ØŁ z yz
y}~zvwz yz Łwx
=
u~ z {uvz

v}~zw 
f
î õ
ﬁ
ðî
ﬁ
ð
ﬁ
ñ
É¡æf


"
×
zw ~z {{zwx y öu{vxwŁz zw yz wv~w~vz yz y
}z 
×
z wv~w~vz yz y}z }}vx~z y}
Ý
xz t zvŁ zwwzw yz wvuxwzv yz Łwx uvx} 
zw yz zxv yz u{vxwŁ z }}vx~z y özwvuwx yz Łwx v}~zw 
×
u {xvuxvxz
t zvŁ zw y öu}yzv Ù yx}vzw w°t z yz uz yz y}z z Ł}Łxvz ~ ~v {z yx~z  zw yz
{z }vzv yz Ł uxØvz vxmwu{z ~ zvwxu{z
=
zwx > 



u {z~v {xvuxvxz  {z u~wz~v vztv}zwzw {z yx}vzw w°t z yz Łwx ~ vŁ z yz
vutz 
×
u
Ý
~vz U Ü x{{~wvz yz Ł wx wz{ ~z {z zzŁ{z  {z }~zz  {z uvvz
zw {z vutz  s xx  {z zzŁ{z y öuvwx{z w tuv zzŁt{z yz vutz u°uw t~v
z~y {z uvwx{z zw u~~z uvàwz 
vØwzŁ zw  ~z ŁàŁz wv~w~vz yz y}z zw ~wx{x}z t~v vztv}zwzv w~ {z
uu
À¼¸¾Á

¾Á Á¾ Å¾¹¾ ÂÁ ºú¹½¾
'() *
U Ü
ü
 ztv}zwuwx yz Łwx yu {u {xvuxvxz 

"
×
ã


+

>

Ł wx ~ vŁ z yz vutz  zw u~z w°tz yz Łwx zw yx}vzx} tuv ~ zzŁ{z yz
tvtvx}w} zw yz Ł }wyz
û
ü
tvtvx}w} ~v {u wv~w~vz yz Łwx  ß {{z t zvŁ zwwzw yz y}
Ý
xv ~z{ w°t z yz vutz
u vztv}zwzv {z Łwx  x z  {z tvtvx}w} ~v {z uvàwz zw {z z~y 

uv zzŁt{z 
{z uvvz w uvuw}vx} tuv {z tvtvx}w} ìzz ì zw ìu°{x~z ì uv tuv
y}
Ý
xwx z w yz vutz zz zw u°{x~z 
ü
Ł }wyz ~wx{x}z {v yz { özwvuwx  Ł ux tvtvz u~ Łwx }w~yx} 

uv zzŁt{z 
x{ zw }zuxvz yz y}
Ý
xv {z Ł }wyz yz }}vuwx yz uyxyuw
=
zwx

Ü

zw
yz Łtwuz y~ ~ttvw  ß zzw  z{{zx w wwu{zŁ zw yx}vzwz y ö~ w°t z yz
Łwx Ù ~ u~wvz  tuv zzŁt{z zwvz {z zzŁ{z zw {z vutz 
u z wzwz  { öu ~w y ö~ ~zu~ w°tz yz Łwx Ù {u {xvuxvxz vvzty xŁt{zŁ zw
Ù { öu ~w yz ~z{{z tvtvx}w} zw Ł }wyz 
 ö~ txw yz ~z ztw~z{  {z u~wz~v ~wx{xzw {z uyvz w}vx~z yz { ö
1
6
1
4
§ 
7
þß 
4 4
   2þ6 2 
ä
ä
ÛÛ

t~v Ły}{xzv {u x}vuvxz yz yx}vzw w°t z yz
Łwx 

{~ vØwzŁ zw  {z Łwx zw {z~v tvtvx}w} w vztv}zw} tuv yz
ztw vŁ z{
(A,B)
 	
A
zw ~z {{zwx yz yx}vzw w°t z yz Ł wx zw
B
~ zzŁ{z yz tvtvx}w} ŁŁ~z Ù w~ {z Łwx yz
A

×
u x}vuvxz zwvz
{z yx}vzwz {uz yz Łwx zw {z~v tvtvx}w} zw Ły}{x}z tuv {z wvzx{{x yz
ztw 
×
u
Ý
~vz U 
 zw {u vztv}zwuwx xŁ t{x
Ý
}z yz z wvzx{{x  	 z~{ uttu
vuxzw yz u z u~w {z ~zu~ Łwx zw yz u~w z u {z ~z{{z tv
tvx}w} 

uv zzŁt{z  {z z~y wzuw
{{ä
vutz u°{x~z vxzw}
}, {∅}}
vztv}zwz
{z ztw
{{ä
vutz u°{x~z vxzw}  Ú}~zz  s vvz vy}  s vvz  vy}
},
{
s°{x~z s vàwz vxzw}z
}}

×
z u~wz~v z w utt~°} ~v zwwz x}vuvxz t~v y}
z{ttzv yz Łtuw }}vx~z t~uw wvuxwzv yx}vzw w°t z yz Łwx  ß zzw 
w~w Łtuw wxuw t~v ~ Łwx uttuvwzuw Ù ~ ztw yz {u x}vuvxz
yxw u~x wxzv u~wŁuwx~zŁ zw t~v w~ Łwx yz ~ztw 

uv zzŁt{z 
{z Łtuw y}z{tt} t~v {z vutz vxzw} u°{x~z yxzw wxzv t~v
{z uvvz  vy}  {z uvvz vy} zw {z }~zz 

uv wvz  x{ z zvw tu
}zuxvzŁ zw wvØ zå uz  y ö	 { öxw}vàw yz vzy}
Ý
xv w~w yz ŁàŁz zvwux Łtuw
t~v z ì~Łwx ì
×
u {xvuxvxz wxzw uw~z{{zŁ zw yz~ w°tz yz wvuw}xz y özt{vuwx yz { öztuz
²
ÇX p
Á[ [¼ º·¾ Z¼¸[ º¼» ZÆ ZÁ ººÁ[ Á

Z[¾¹ ¸¾Á[ Ã¼·½ ºúÁ

¾ ½¹Æ¾ Z¼¸ ÂÁ À¼¾ ZÄ[
'() *
U 

ü
Ó x}vuvxz yz Łwxtvtvx}w} yu
DMTL
yz vzzvz
û
~z wvuw}xz zzw~uw ~ tuv~v z {uvz~v
=
~ tuv xzu~

yz w°t z
Apriori
zw ~z wvuw}xz zzw~uw ~ tuv~v z tvyz~v  z wvuw}xz t zvŁ zwwzw
yz wv~zv { özzŁ{z yz Ł wx v}~zw yz {u uz yz y}z }w~yx}z 
s  °z~  {z x}xzw yz zwwz {xvuxvxz yu  }wuw uw~z{ yz y}z{ttzŁzw
w
û
ü
z~{ {z tv}yxuw yz {u v}~zz t z~w àwvz tvx z Łtwz 
DMTL
z zŁ{z tu
wxvzv tv
Ý
w yz {u uvuw}vxuwx yz tv{ØŁ z vztv}zwu{z tuv yz zzŁ{z
yz


" Û&


ü
z~{z { ö}~Ł}vuwx yz w~ {z Łwx v}~zw zw tx {z 
×
z vy~vz z t z~zw
tu àwvz vzzv}z 
ü
z~{ w yxtx{z yz u{vxwŁ z ì{ux~z ì wzwuw ~ vuy Łvz yz
Łwx  s~~z yz wvuw}xz  özt{xwz tuv zzŁt{z {z Łwx yz {u vy~vz txwxz
y}~zvw t~v }{u~zv { öztuz yz vzzvz 
² ²
À¼¸¾Á

¾Á Á¾ Å¾¹¾ ÂÁ ºú¹½¾
²÷
°"¨¬ !© « ç
­
«è) é« ¬èê©ê©ë¬¨ì« è¨¬íî«
î ®¨éìêèí©ïð «ñ î ®«¯©è¨ò©íêó î« ðê©íôñ
íó©õè«ññ¨ó©ñ
ö÷øøùúûü
ý þß   	
 þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ß
ý þ
º 

 
 	


þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ß
¶   ¸ ﬀﬁµ ﬂﬃ ! " ·µ! #ﬀ$ﬂ%ﬁ  "ﬃ!& ﬂ 'ﬃ"ﬀ            ()
¶   *& &ﬀﬃ+, & " ·-#ﬂﬀﬃ ! " &# ! $ﬂ&               (.
ý þ/
²0
 	1		   2 2 þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ßß
¶ 3  4ﬀ,ﬃ! &ﬃ !                             (
¶ 3  5! µ ﬂ &ﬃ !                            
¶ 3 3 6ﬀﬀﬁ ﬃ!'&  # ﬁ  &ﬃ !&                    3
ý þ 7 8

	


0
	
0
þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ þ ßß
9 :;< => =?:@ABC> D ;EBC> EFG >=BAH ><B I> @CE@ E<>C J; EJBAK H:=AKAB:;B K> ILM>KE@@ >N >;B I>
<EKJBAE;< KEOA=A>KK>< >
å
=:=>< JBAKA<:;B K>< :KOECAB?N >< I
ö
>PBC:=BAE; I> N EBAH< HCLQJ>;B< @ EJC
CL<EJIC> I>< @CEFK
Ø
N >< LQJAM:K>;B< I
ö
>PBC:=BAE; I> N EBAH< =:J <>;< K:CO>R A;BLC><<:;B< D
C>@CL<>;B:FK>< @:C I>< >;<>N FK>< ST
" Û&U V
æEJ< @CE@ E<E;< IE;= J;> KAFC:ACA> SW T X Y
áU
H:=AKAB:;B K: CL<EKJBAE; I> B>K< @CEFK
Ø
N >< D
F:<L> <JC K
ö
JBAKA<:BAE; I
ö
:KOECAB?N >< >B I> <BCJ=BJC>< I> IE;;L>< OL;LCAQJ>< D >B @:<<:;B
Ù
K
ö
L=?>KK>
V
×>< =:C:=BLCA<BAQJ>< >B E@BAN A<:BAE;< I> K
ö
AN @KLN >;B:BAE; <E;B BC:;<@:C>;B><
@ EJC K> @CEOC:N N >JC D >B <>JK>< K>< @CE@CALBL< <@ L=A
Ý
QJ><
Ù
<E; @CEFK
Ø
N > <E;B K:A<<L><
Ù
<: =?:CO>
V
9 > @KJ< D ;EJ< @CE@ E<E;< J;> LF:J=?> I> N LB?E IEKEOA> @ EJC OJAI>C K
ö
JBAKA<:B>JC I:;<
<>< =?EAP
V ß
KK> :AI> K
ö
JBAKA<:B>JC
Ù
C>HECN JK>C =<A @ E<<AF K>R <E; @CEFK
Ø
N > <EJ< K: HECN > I
ö
J;
@CEFK
Ø
N > I
ö
>PBC:=BAE; I> N EBAH< A;BLC><<:;B< D >B K
ö
:<<A<B> :J<<A I:;< K> ILM>KE@@ >N >;B I><
Z
#
[\ ][ ^\ _]`a`ab _cd\ ]c_ Ze\ e fc ^d`]Zagh\[ e f\

a ]cia Z`j e\ h`a Zk[ Zjal ]\[[cja[
IAmLC>;B< =EN@E<:;B<
V
n op qrstu vwxytz{|u
}> =:IC> B?LECAQJ> JBAKA<L ><B =>KJ A I>< @CEFK~N >< D 

 

   Ł D
I >PBC:=BAE; I> NEBAH< A;BLC><<:;B< I:;< K>< F:<>< I> IE;;L>< ST
U
@CL<>;BL I:;< K>
=?:@ABC> 
V

> =:IC> ;EJ< : ;EB:NN>;B ILG  @ >CN A< I :@@KAQJ>C I>< :KOECAB?N>< A<<J< I> K >PBC:=
BAE; I> NEBAH< HCLQJ>;B<  I :JBC>< @CEFK~N >< LQJAM:K>;B< D B>K< QJ> @EJC K: IL=EJM>CB> I><
9W S}X}YY
U
D K: IL=EJM>CB> I>< 9  K>< @KJ< <@ L=A:KA<L>< ST}XY D TXY
U
>B K: CL<EKJBAE;
I> =>CB:A;>< @?:<>< I J; @CEFK~N > I> CLL=CABJC> I> C>QJB>< SX
+
Y
U V
9:;< => I>C;A>C D
K AN@KLN >;B:BAE; ILM>KE@@L> : :A;<A @ >CN A< K> @:<<:O>  K L=?>KK> >; HE;=BAE; IJ ;ENFC>
I> MJ>< BC:ABL>< SWY
U V
} EFB>;BAE; I J;> C>@CL<>;B:BAE; >;<>NFKA<B> @ >JB <>NFK>C BC> J;> =E;BC:A;B> HECB> D
N :A< >KK> : F >:J=EJ@ I :M:;B:O>< >B @ >CN >B I >;MA<:O>C J;> OL;LCA=ABL AN @ECB:;B>
V
X:C
>P>N@K> D KEC< I J; @:C=EJC< @:C ;AM>:J  I> K ><@:=> I> C>=?>C=?> D K: OL;LC:BAE; I>< =:;
IAI:B< IJ ;AM>:J
k
 @:CBAC I>< NEBAH< MC:A< I> ;AM>:J
k − 1
@>JB BC> H:AB> > =:=>N >;B
>; JBAKA<:;B J; =:IC> >;<>NFKA<B> D IE;B K :C=?LB@ > ><B
AprioriGen
S
 

U V 
MEAC J; @CE
FK~N > C>@CL<>;B:FK> @:C I>< >;<>NFK>< @ >CN >B IE;= I> H:=BE I JBAKA<>C =>BB> OL;LC:BAE; I><
=:;IAI:B< D I E  J;> OC:;I> OL;LCA=ABL
V
X:C =E;<LQJ>;B D K JBAKA<:B>JC IEAB <>JK>N >;B IL¡;AC
K> @CLIA=:B D K>< IE;;L>< >; >;BCL>¢<ECBA> >B LM>;BJ>KK>N >;B J;> HE;=BAE; I> BC:;<HECN :BAE;
I>< NEBAH< M>C< K> BC>AKKA< I>< @:CBA>< I J; >;<>NFK>
V
K ; : IE;= @:<  AN@KLN >;B>C K>< @:C
BA>< K>< @KJ< =EN@K>P>< D B>K< K :KOECAB?N> I L;JN LC:BAE; JBAKA<L EJ K: O><BAE; I>< =:;IAI:B<
>; NLNEAC>
V
9> @KJ< D F >:J=EJ@ I :KOECAB?N >< < :@@JA>;B <JC I>< N LB?EI>< ;L=><<AB:;B J;> C>@CL
<>;B:BAE; >;<>NFKA<B> IJ @CEFK~N > =ENN> @:C >P>N@K> K :KOECAB?N >
Dualize and Advance
£
<>=BAE; 
V
R EJ
ABS
£
=?:@ABC> R
V
n o¤ ¥ ¦§u¨v¦ ©xvwysyªy«z{|u¦

>BB> <>=BAE; :@@ECB> I>< LKLN >;B< N LB?EIEKEOAQJ>< @EJC @ >CN >BBC>  J; :;:K<B>
I JBAKA<>C =E;=C~B>N >;B => QJ> ;EJ< @CE@E<E;<
V
¬ ­® ­¯ °
ü±÷ûø²³ù´ ú÷µ ¶ ·²µ ¸û÷¹³ºøü ¶ùµ» ³ü ¼ù¶ûü
9:;< =>BB> <>=BAE; D ;EJ< :KKE;< N E;BC>C J; =?>N A;>N>;B @E<<AF K>  >m>=BJ>C @EJC
MLCA¡>C QJ J; @CEFK~N > :@@:CBA>;B  K: H:N AKK> I> @CEFK~N >< BC:ABL< @:C ;EBC> KAFC:ACA>
V

>
Z½¾
¿ ÀÁ ÂÃ
_\ia
Ã
hlag`e` ^`d ÄÅÆ\
Ã
=?>N A;>N >;B ><B =EN@E<L I>< QJ:BC> LB:@ >< <JAM:;B>< Ç
È
IL¡;AC K ><@:=> I> C>=?>C=?> D
È
IL¡;AC K> @CLIA=:B D
È
AI>;BA¡>C K: <ECBA> D
È
>P?AF >C J;> C>@CL<>;B:BAE; >;<>NFKA<B>
V
} >P>N@K> I> K >PBC:=BAE; I>< 9 <:BA<H:AB>< >;BC> I>JP C>K:BAE;< C >B < D MJ <>=BAE; É
VÊV
 D
><B C>@CA< =ENN> >P>N@K> I:;< =>BB> <>=BAE;
V
Ë ÌÍÎÏÐ Ñ ÒÓÔÕÖ×Ó ØÓ ÐÓ×ÙÓÐ×ÙÓ
9:;< J; @C>N A>C B>N@< D AK H:JB ILB>CN A;>C K> K:;O:O> QJA @ >CN >B I >P@CAN >C K>< NEBAH<
@JA< J;> C>K:BAE; I ECIC> @:CBA>K D @ EJC IL¡;AC K ><@:=> I> C>=?>C=?>
V
ÚÛ ÜÝÞ ßÜ àá
âã
  äå Ł

  æçè  Ł éê
ë
 
ã
ì ì   é  æç
R[X] ⊆ S[Y ]

ã
  êé 
    íî Ł  ï 
â
è éð
X ⊆ schema(R)
è
Y ⊆ schema(S)
è 
|X| = |Y | ñ
ò äé

ê
¹
 
ó
ê   Ł êô 
ã
êõ ö ê
i

j
 é 
ã
å æçè
j ¹ i
ê
j 

ã

÷
 é
ã
 
ø
í
ã
  Ł
÷
Ł 

é
ù
íêé 
ã
  
ã
å

ê 
i ñ
Ë ÌÍÎÏÐ ÑÓ ÕÐÌØÏ×Öú
I>;BA¡>C K> @CLIA=:B ><B <EJM>;B :A<L D AK <J B I L=CAC> HECN >KK>N >;B => QJ> A;BLC><<:;B 
<AO;A¡> I:;< K> =E;B>PB>
V
XEJC J; NEBAH >B J;> F:<> I> IE;;L>< D AK H:JB L=CAC> K: =E;IABAE;
QJA C>;I => N EBAH A;BLC><<:;B I:;< =>BB> F:<> I> IE;;L><
V
ÚÛ ÜÝÞ ßÜ ûá
ü é
ã
 é

éôŁ è 

êí

Ł   

é é
ã
ê é
ã
é ý  þ
ã
êé 
ã
êõ ö
R[X] ⊆ S[Y ]
ß 
ã
  æç ê
ë
ê      
} JBAKA<:B>JC IEAB :KEC< ILN E;BC>C K: @CE@CALBL I :;BANE;EBE;A> EJ I> NE;EBE;A>R
KA:;B K: <:BA<H:=BAE; IJ @CLIA=:B >B K ECIC> @:CBA>K >;BC> K>< N EBAH<
V
ÚÛ ÜÝÞ ßÜ á
ç   é
ã

ë

ã
 Ł é þ
ã
 

êí 
÷

ã
  æç ê
ë
ê   Ł ééé  é
ã
êß
Ł ééé 
ñ 
éŁŁ  é
ã
  äõé õ
ã
  íêé 
ñ ñ
è í

êí  êßŁ ééé 
ñ
9> H:E; OL;LC:K> D ;EBE;< QJ> =>CB:A;< @CLIA=:B< ;> MLCA¡>;B @:< =>BB> @CE@CALBL I>
N E;EBE;A> EJ I :;BANE;EBE;A> D B@AQJ>N >;B @EJC =>CB:A;>< N ><JC>< <B:BA<BAQJ>< ST

YY
U V
Z½	
[\ ]
Ã
^\ _]`a`ab _cd\ ]c_Äe\ e fc ^d`]Äagh\
Ã
e f\
a ]cia Ä` j e\ h`a Äk
Ã
Äjal ]\
ÃÃ
cja
Ã
ØÓÎúÏÍÓÐ ÑÖ ÔÐúÏÓ
K < :OAB A=A I> =:C:=BLCA<>C QJ>K< N EBAH< IEAM>;B BC> IE;;L< >; <ECBA> D >; HE;=BAE; I>
K >;<>NFK> I>< N EBAH< A;BLC><<:;B<
V 
EJ< M>CCE;< @KJ< KEA; QJ> =>BB> =:C:=BLCA<:BAE; ><B
AN @ECB:;B> @EJC OJAI>C K :;:K<B> I:;< <E; =?EAP I> K: <BC:BLOA> I >P@KEC:BAE;
V
ÚÛ ÜÝÞ ßÜ  á
â
é   éê   äè   é
ã
êé   äå íêé  æç ê
ë
ê 
r

s

é
ã
 êŁ

Ł 
÷
  î éê
ñ
â
ê  ä
ã
êê
ã
  é
ã
îê
ã
  íé
ã
õ
ã
  æç ê
ë
ê

r

s
è  é
ã


éêêõ    î éê   é   éê   äì éêîŁ 
ñ
ÙÏ ÓÐ ÎÓ ÐÓÕÐÌÔÓÎúÖúÏÎ ÓÎÔÓ ÑÏÔúÓ
9> ;ENFC>JP @CEFK~N >< < >P@CAN >;B ILG  ;:BJC>KK>N >;B I> H:E; >;<>NFKA<B> D >B @EJC
>JP =>BB> LB:@ > ><B BCAM A:K>
V 
;EBC> =E;;:A<<:;=> D K> <>JK @CEFK~N > @EJC K>QJ>K J;> BC:;<
HECN :BAE; ;E; BCAM A:K> : LBL IE;;L> ><B =>KJA I> K: IL=EJM>CB> I>< IL@ >;I:;=>< I A;=KJ<AE;
I:;< K>< F:<>< I> IE;;L><
V 
EJ< @ >;<E;< QJ> D KEC<QJ >KK> ; ><B @:< BCAM A:K> D =>BB> LB:@ >
@ >JB < :MLC>C BC~< ILKA=:B>
V
ÚÛ ÜÝÞ ßÜ  á

éŁŁ  é
ã
  äõé õ
ã
  íêé 
ñ ñ
è 
ë
é íêé

Ł   
ë
éŁ 
ã
  æç
  Ł    
ã
êõ ö
ens(i) = {j ∈ I1|j ¹ i}
è õí
I1
 ä Ł   

 í
 äê í
ã
êé ê
ë
ê  ê 
 ñ
¬ ­® ­® 
ü» »´ûù´ úü» ¶ ·ü¸³÷ûù´ ú÷µ ¶ ú»¸ ÷µ ú¹³ü»
ﬀÓÔ ÖÑﬁÐÏúÙ ÓÔ
ﬂ;> HEA< K> @CEFK~N > @K:=L I:;< => =:IC> D K> ILM>KE@@>JC IEAB =?EA<AC J;> <BC:BLOA>
I >P@KEC:BAE; I> K ><@:=> I> C>=?>C=?>
V 
=BJ>KK>N >;B D I>JP E@BAE;< <E;B IA<@E;AFK>< Ç
È
J; :KOECAB?N> @:C ;AM>:J I> B@>
Apriori
S
 

U
<>=BAE; 
VÊVÊ
R QJA @ >CN >B I>
IL=EJMCAC K: B?LECA> >B K>< I>JP FECIJC><
V
È
K :KOECAB?N >
ABS
SWTXY
U
=?:@ABC> R QJA @ >CN >B J;AQJ>N>;B I> BCEJM>C K>< I>JP
FECIJC><
V

>< :KOECAB?N>< @ >JM>;B BC:AB>C I>< @CLIA=:B< :;BANE;EBE;>< EJ NE;EBE;><
V

> I>C
;A>C =:< ><B @E<<AF K>  =E;IABAE; I LBJIA>C K> @CLIA=:B A;M>C<> >B I> C>=?>C=?>C J;AQJ>N>;B
K>< FECIJC><
V ﬃ
; >m>B D <A J; @CLIA=:B
P
><B N E;EBE;> :KEC< K> @CLIA=:B A;M>C<>
¬P
><B :;BA
NE;EBE;> D >B K: FECIJC> @E<ABAM> C><@
V
FECIJC> ;LO:BAM>R I>
P
><B K: FECIJC> ;LO:BAM>
C><@
V
FECIJC> @E<ABAM>R I>
¬P
V
Z½
¿ ÀÁ ÂÃ
_\ia
Ã
hlag`e` ^`d ÄÅÆ\
Ã

¡; I> NE;BC>C K >PL=JBAE; I> =>< :KOECAB?N >< KEC<QJ> K> @CLIA=:B LBJIAL ><B NE;EBE;> D
K>< >P>N@K>< <JAM:;B< @CL<>;B>;B K>< IAmLC>;B>< <BC:BLOA>< IA<@E;AFK>< I:;< K> =:IC> I>
K >PBC:=BAE; I>< =KL< N A;AN :K>< I J;> C>K:BAE; <>=BAE; É
VÊV 
R
V
ÚÛ ÜÝÞ ßÜ !" á
ü é
ã
 íé
ã
õê  é
ã


éêêõ   
ã

 í #ê
ñ

ñ
 í Ł êêŁ $ è ê
ë

ã
 é í

ã
ê 

êí  


÷

ã
  
ã

 í è 
ó
ê


¬P (X, d)
 õê ê   
ã
Ł 
ê
|πX(r)| 6= |r|
è  íî íî   é
ã
  ì êõ  ê ý í

êí
ñ
ü é
ã

ë
ê íè  é
ã
 õé  íî éêå   
ã
å 

 

íé
ã


 

íŁ ß
Ł 
ñ

éêé  êé
r

ã
êõ ö
 %

9
ﬃ
Y
Ê
F
 
>
Ê  
F
Ê
H
Ê Ê
:  :
Ê Ê
:  >
Ê Ê
:  :
Y
Ê
:  :
Ê  
F  :
&'( ) 
VÊ
È
>K:BAE; C
ò
ó
ì
ã
 *
ñ
Ł é 

íé
ã


 êõ
ã

ø
í
ã


  äì éêîŁ 
Apriori ñ
ò Ł 
ë
é í  é  Ł  ì    

  äì éêîŁ 
ñ
ò íî ê
ø
   é
ã
  é
 íêê 

é
ù
íêé íí
ã


  äì éêîŁ  é 
ã
 
ã

êí
ñ
ò
Ł  ì      é é
ã
 é 
ã

 í  ý  äå í

êé 
{AD,CD,BD} ñ
ò

ê  íê íé

é ý  ä

í  íî íî  þ
ã
ê  ä

  å

é

  äì éêîŁ 
ñ
ò äì éêîŁ  é
ã
õ  é
ã


éêêõ è ê
ñ

ñ {ABCE,DE}
è  þ
ã
 êêé
ñ
ò í
Ł êêŁ   é é í
{AD,CD,BD} ñ
ò
ó
ì
ã
 *
ñ+
Ł é 

íé
ã
 
ø
í
ã



ABS ñ
âã

éé þ
ã
  äì éêîŁ  å

é
 
ã
å

Ł ê êõ
ã
å é  

î   äêêêêêé
ñ ,
  ä

ã
 
ã
  Ł 
ã
õê
Ł  íé
ã
õè êíê
{AD,CD,BD}
è  äì éêîŁ  
ø
í
ã

ã
  
ã
êêé  é
ã
õ
êíŁ   é
ã


éêêõ  #
{ABCE,DE}
$
ñ

ENN> ;EJ< K :ME;< MJ @CL=LI>NN>;B D K A;BLCB I> =>< :KOECAB?N >< ><B I> @EJMEAC
BC> JBAKA<L< IAC>=B>N >;B @EJC CL<EJIC> BEJB @CEFK~N > I >PBC:=BAE; I> NEBAH< A;BLC><<:;B< D
C>@CL<>;B:FK> @:C I>< >;<>NFK>< D =E;BC:AC>N >;B  J;> OC:;I> @:CBA> I>< :JBC>< :KOECAB?N><
V
9> @KJ< D K>JC EFG >=BAH LB:;B I> KAN AB>C K> ;ENFC> I> NEBAH< B><BL< >B ;E; I E@BAN A<>C K>
=EN@B:O> IJ <J@@ECB D AK< <E;B IE;= @:CBA=JKA~C>N >;B :I:@BL< I:;< ;EBC> =E;B>PB>
V
Z½-
[\ ]
Ã
^\ _]`a`ab _cd\ ]c_Äe\ e .c ^d`]Äagh\
Ã
e .\
a ]cia Ä` j e\ h`a Äk
Ã
Äjal ]\
ÃÃ
cja
Ã
/01 ) 
VÊ
È
ﬃ
PL=JBAE; I 

@CAECA
/01 ) 
V 
È
ﬃ
PL=JBAE; I 
%
2ÙÖÎﬁÓ ÓÎú Ø ÔÓÎÔ ØÓ ÕÖÐ×ÐÔ ØÓÔ ÖÑﬁÐÏúÙ ÓÔ
XEJC =?:QJ> :KOECAB?N> D AK ><B :J<<A @ E<<AF K> I> =?:;O>C K> <>;< I> @:C=EJC< I> K ><@:=>
I> C>=?>C=?> Ç
È

M>=
Apriori
D K ><@:=> I> C>=?>C=?> ><B >P@KECL I> ?:JB >; F:< 
V
È

M>=
ABS
D K A; ABA:KA<:BAE; =ENN>;=> @:C K> ?:JB  >B :KB>C;> I>< IJ:KA<:BAE;< >;BC>
K>< I>JP FECIJC>< =ENN> @CL=LI>NN>;B
V
ﬂ;> :@@CE=?> @:C K> ?:JB  @>CN >B ;EB:NN>;B I> BCEJM>C K: B?LECA> I>< @CLIA=:B<
NE;EBE;><
V
9:;< K> =:< I J; @CLIA=:B :;BANE;EBE;> D AK @ >JB < :MLC>C @ >CBA;>;B >; HE;=BAE;
I> K: ;:BJC> I>< IE;;L>< I JBAKA<>C J;> :@@CE=?> @:C K> ?:JB  Ç AK H:JB :KEC< :J<<A A;M>C<>C
K> @CLIA=:B D >B :==>@B>C I> ;> BCEJM>C QJ> K>< F ECIJC>< I> K: B?LECA>
V

EBE;< QJ> @EJC A;M>C<>C K> <>;< I> @:C=EJC< D AK <J B I JBAKA<>C K>< :KOECAB?N >< =K:<
<AQJ>< >B I> BC:;<HECN >C BEJ< K>< NEBAH< B><BL< @:C C:@@ECB :J @CLIA=:B >; K>JC =EN@KL
N >;B:AC>
V

>BB> <AN@K> E@ LC:BAE; : @EJC =E;<LQJ>;=> I A;M>C<>C K> <>;< I> @:C=EJC< I>
K :KOECAB?N> <:;< NEIA¡>C K: =EN@K>P ABL I> K :KOECAB?N> D ;A <E; > =:=ABL
V
ÚÛ ÜÝÞ ßÜ !! á

éêé
ã
  é
ã
õ  êé
s
ö
W 3 4  
Y : I
 
>
Y F I
 
Y
Y : :
 Ê
Y : I  >
Y : I
 
H
&'( ) 
V 
È
>K:BAE; <
Z½5
¿ ÀÁ ÂÃ
_\ia
Ã
hlag`e` ^`d ÄÅÆ\
Ã
ò

êí 
÷

ã
  
ã

 í   Ł ééé 
ñ
ç  
ã6
 é í  
ë
éŁ 
íîþ
ã
 Ł éê
ë

ã
ê

  äì éêîŁ   é íéŁ

Ł    ä

êþ
ã
 

êß
í 
ã
 í íéŁ

Ł 
ñ
ü  å Ł

è é  

Ł êô êêé  ä
Apriori
êß
õ  è  äì éêîŁ  õ é í 
ã
ê  Ł éê
ë

{F,G,H, J, I}
è Ł ê   Ł éê
ë

{GHIJ, FHIJ, FGIJ, FGHI, FGHJ} ñ
ò Ł éê
ë

FGHJ

FGHI
 ä

 êß


 

é 
ã

êíè  äì éêîŁ  íéêô  Ł éê
ë

I

J
íéŁŁ 
ë

ã
å
ñ
ò äêêé 
ã
êõ õ é í
ã
êê   Ł éê
ë

{F,G,H}
 ì    Ł éê
ë
 íê
{FG,FH,GH}
#
ã
  é
ã
ß Ł   íéê íéŁŁ  ê$
ñ
ò 
ã
å êôŁ 
êêé õ é í 

 

é 
ã

êí  Ł éê
ë

{HIJ,GIJ, FIJ}
è  êê 

ã
ê
ù
ã
þ
ã
äý í þ
ã



ã
 
ã
í
ã
 Ł éê
ë
íê    éê ì  
ñ
/01 ) 
V

È
ﬃ
PL=JBAE; I 

@CAECA >; =?:;
O>:;B K> <>;< I> @:C=EJC<
/01 ) 
V

È
ﬃ
PL=JBAE; I 
%
>; =?:;O>:;B K>
<>;< I> @:C=EJC<
ò
ó
ì
ã
 *
ñ
Ł é 

íé
ã


 êõ
ã

ø
í
ã


  äì éêîŁ 
Apriori
éþ
ã
 
  

íé
ã
  êõ 
ñ
ò

íé
ã
  
ë
ê  î
ã
   ý

ê  
ã

 í
íé
ã
õ   ì
ã
  Ł éê
ë
  é 
ã

 í
ñ
ò
ó
ì
ã
 *
ñ
7
Ł é 

íé
ã
 
ø
í
ã



ABS
 íî ì     

íé
ã
  
å

é
ã
 êõ
ã

é
ã
 

î   äêêêêêé
ñ
2
Ù Ï ØÓ ÑÖ ÔúÐÖúÌﬁ ÏÓ Ø ÒÓÕÑÐÖúÏÎ ØÓ Ñ ÒÓÔÕÖ×Ó ØÓ ÐÓ×ÙÓÐ×ÙÓ
}: KAFC:ACA> @CL<>;BL> EmC>  K JBAKA<:B>JC J;> OC:;I> KAF >CBL I:;< K JBAKA<:BAE; I>< :K
OECAB?N >< D => QJA KJ A @ >CN >B I> =?EA<AC K: <BC:BLOA> K: @KJ< :I:@BL>  <E; @CEFK~N >
V
}>
=?EAP IJ NEI> I> @:C=EJC< I> K ><@:=> I> C>=?>C=?> IL@ >;I >; @:CBA> I> K: <ECBA> QJ> K E;
<EJ?:AB> EFB>;AC D N :A< :J<<A I>< =:C:=BLCA<BAQJ>< IJ @CEFK~N > LBJIAL >B¢EJ I>< IE;;L><
V
X:C >P>N@K> D
ABS
<>C: @:CBA=JKA~C>N >;B :I:@BL  K L;JNLC:BAE; I>< @KJ< OC:;I>< 9
<:BA<H:AB>< I:;< J;> F:<> I> IE;;L>< <>=BAE; É
V 
R
V ﬃ
; C>M:;=?> D =ENN> K E;B NE;BCL K><
:B>KA>C< WT  D
Apriori
><B BC~< =EN@LBABAH I~< KEC< QJ> K>< IE;;L>< <E;B =C>J<>< >B QJ> K><
<EKJBAE;< <E;B I> @>BAB>  B:AKK>
V
Z½8
[\ ]
Ã
^\ _]`a`ab _cd\ ]c_Äe\ e .c ^d`]Äagh\
Ã
e .\
a ]cia Ä` j e\ h`a Äk
Ã
Äjal ]\
ÃÃ
cja
Ã
ÚÛ ÜÝÞ ßÜ !9 á
æ   äå Ł


:
è  äì éêîŁ 
ABS
 Ł éê  Ł éê
ë
 þ
ã
  äì éêîŁ 
Apriori ñ
ü é
ã
 í
ù

ã
 é è
ABS
õê
÷



ã
 
6
íí
ñ
òéþ
ã
 
ã
íé
ã

 
ã

 í  é  ì  ê  


ã


ê ê è íéŁŁ  í ä
 í   äå Ł



è íîì     

íé
ã
  ì éêîŁ  
ã
  ì ê
ê
ñ ,
 
ø
è  ì éêîŁ   Ł éê  äŁ   
ø
í
ã

ã


íé
ã

 î
ã
   þ
ã
ä
ã


íé
ã
    î
ã

ñ
9 :JBC>< @:C=EJC< OL;LCAQJ>< D @:C >P>N@K> >; @CEHE;I>JC D @ >JM>;B FA>; <;C BC> =E;<A
ILCL< D =?:=J; I >;BC> >JP @CL<>;B:;B I>< :M:;B:O>< <JAM:;B K>< =E;¡OJC:BAE;<
V 
EBC> KAFC:A
CA> ><B K:CO>N >;B >PB>;<AF K> D ;EJ< M>CCE;< @KJ< KEA; K> IA:OC:NN> I> =K:<<> I J; :KOECAB?N >
AN@K:;BL I:;< K: KAFC:ACA>
V
n o< =>u ªz?trztzu q@@
} 
A
ILB CDJEFJ
A
M
A
B IGHF IB JEGMG
AK
BFJ LB MDNEH
A
E NHB ODPJB  DNJ
AK
F QN
A
C BEQ BJJB LB
LRSB
K
DCCBE EGC
A
LBQ BHJ NH IDLB B IGIB BJ EDONFJB BH NJ
AKA
FGHJ JB
K
DN JB
K
G
K
ODE
A
JTQB CERG
K
GO
K
BQ BHJ ITD
A
F
A
V
¬ ­U ­¯ VW
Xµ Y»X´ YZµ
}G
KA
OEG
A
E
A
B BFJ IDHFJ
A
JNRB L G
K[
DE
A
JTQ BF BJ LB IDQCDFGHJF NJ
AKA
FRF CGE
K
BF G
K[
DE
A
JTQ BF
CDNE CDNSD
A
E MDHIJ
A
DHHBE \
ﬃ
KK
B Q BJ GNFF
A
 L
A
FCDF
A
J
A
DH LB
K
NJ
AKA
FGJBNE LBF FJENIJNEBF LB
LDHHRBF BJ L GNJEBF IDQCDFGHJF C DNE MGI
AKA
JBE FDH NJ
AKA
FGJ
A
DH \

TG]NB G
K[
DE
A
JTQ B BFJ EBCERFBHJR CGE NHB I
K
GFFB ]N
A
IDHJ
A
BHJ
K
G FJEGJR
[A
B LB
K
G
[
DE
A
JTQ B
A
HLRCBHLGQQBHJ LN CERL
A
IGJ RJNL
A
R \ ^DNE
K
NJ
AKA
FGJBNE _ IBJJB I
K
GFFB BFJ NHB ODPJB HD
A
EB \

K A
HJBEG
[A
J NH
A
]NBQBHJ GSBI
K
BF IDQCDFGHJF
KA
RF GN` CERL
A
IGJF \

B
K
DH
K
B CEDO
K
~QB RJNL
A
R _
K
NJ
AKA
FGJBNE LBSEG LRSB
K
DCCBE IBEJG
A
HBF LB IBF I
K
GFFBF _ DN CDNEEG C
K
NF F
A
Q C
K
BQ BHJ NJ
AKA
FBE
K
BF I
K
GFFBF LRa  LRSB
K
DCCRBF CDNE NH GNJEB CEDO
K
~QB \
}G ¡
[
NEB  \ EBCERFBHJB
K
B L
A
G
[
EGQQB LB I
K
GFFB L NH G
K[
DE
A
JTQ B GN FB
A
H LB
K
G
KA
OEG
A
E
A
B \

B L
A
G
[
EGQQB LB I
K
GFFB BFJ L
A
EBIJBQ BHJ
A
FFN LN IGLEB JTRDE
A
]NB NJ
AKA
FR BJ LBF GCC
KA
IGJ
A
DHF
RJNL
A
RBF \ 
K
C BNJ HDJGQQBHJ JEB NJ
AKA
FR CDNE LRSB
K
DCCBE BJ
A
HJR
[
EBE LB HDNSB
KK
BF FJEGJR
[A
BF
LGHF
K
G
KA
OEG
A
E
A
B \

B
K
DH
K
B CEDO
K
~QB RJNL
A
R _ a NF]N  I
A
H] JCBF LB I
K
GFFBF FDHJ  EBLR¡H
A
E CGE
K
NJ
AKA
FGJBNE Ç
K
BF LDHHRBF BH BHJERB LB
K
G
K[
DE
A
JTQ B _
K
G MDHIJ
A
DH L 
A
H
A
J
A
G
KA
FGJ
A
DH LN
K
GH
[
G
[
B _
K
B CERL
A
IGJ _
K
BF
LDHHRBF BH FDEJ
A
B LB
K
G
K[
DE
A
JTQ B BJ
K
G MDHIJ
A
DH LB JEGHFMDEQ GJ
A
DH LBF QDJ
A
MF LN
K
GH
[
G
[
B \

BEJG
A
HBF LB IBF I
K
GFFBF LD
A
SBHJ HRIBFFG
A
EBQ BHJ JEB LR¡H
A
BF _ JB
KK
BF ]NB
K
B CERL
A
IGJ BJ
K
G
MDHIJ
A
DH L 
A
H
A
J
A
G
KA
FGJ
A
DH LN
K
GH
[
G
[
B _
K
BF GNJEBF LRC BHLBHJ LN CEDO
K
~QB RJNL
A
R \
bb½
¿ Àc d
j\ ^Äe]c Ä]Ä\ fgg
/01 )  \
È h
AG[EGQQB LB IKGFFB L NH GK[DEAJTQ B LGHF KG KAOEGAEAB
¬ ­U ­® i
Zµ ²´ Y³Y»X´ YZµ
}G FN
A
JB LRIE
A
J
K
B MDHIJ
A
DHHBQBHJ LB HDJEB
KA
OEG
A
E
A
B BH CERFBHJGHJ
K
BF I
K
GFFBF  EBLR
¡H
A
E 
A
\B \ 
A
Q C
K
RQ BHJBE DN  ERNJ
AKA
FBEj CDNE ITG]NB CEDO
K
~QB BJ IDQQBHJ NJ
AKA
FBE
K
BF
G
K[
DE
A
JTQ BF
A
QC
K
RQ BHJRF G¡H LB ERFDNLEB NH HDNSBGN CEDO
K
~QB \
ﬀÓÔ ×Õ ÔÖÎúÔ k ÐÓØÌÍÎÏÐ
DNJ L GODEL _
K
NJ
AKA
FGJBNE LD
A
J EBLR¡H
A
E
K
BF LDHHRBF BH BHJERB LB
K
G
K[
DE
A
JTQ B _
A
\B \ IB
KK
BF
NJ
AKA
FRBF CGE
K
B CERL
A
IGJ CDNE LRJBEQ
A
HBE
K
BF QDJ
A
MF 
A
HJREBFFGHJF \

DQQB
K
B QDHJEB
K
G
¡
[
NEB  \ _ IB IDQCDFGHJ BFJ NH
A
]NBQBHJ NJ
AKA
FR LGHF
K
B JBFJ LN CERL
A
IGJ _
AK
BFJ JDJG
K
BQ BHJ
A
HLRC BHLGHJ LB
K
G
K[
DE
A
JTQ B \ } NJ
AKA
FGJBNE C BNJ LDHI LRSB
K
DCCBE LB HDNSBGN` IDQCDFGHJF _
NJ
AKA
FBE IBN` LB
K
G
KA
OEG
A
E
A
B _ DN IBN` LB
K
G

} _ FGHF GNINHB EBFJE
A
IJ
A
DH \

N LB
K
 LB
K

A
QC
K
R
QBHJGJ
A
DH _ IBJJB DE
[
GH
A
FGJ
A
DH CBEQ BJ LB
[
REBE JDNJ JCB LB LDHHRBF JB
K
F ]NB LBF LDHHRBF
BH Q RQD
A
EB _ NH ¡IT
A
BE JB`JB _ DN NHB OGFB LB LDHHRBF \
ﬃ
HFN
A
JB _
AK
MGNJ LR¡H
A
E
K
G I
K
GFFB 
A
H
A
J
A
G
KA
FGHJ
K
B
K
GH
[
G
[
B  LDHJ
K
DOa BIJ
A
M BFJ L 
A
H
A
J
A
G
KA
FBE

K
G
K
CTGOBJ  LN
K
GH
[
G
[
B _
A
\B \
K
BF QDJ
A
MF LB EGH
[
Ê
\ ^GE B`BQC
K
B _ F
A K
B CEDO
K
~QB RJNL
A
R BFJ
K
G
LRIDNSBEJB LBF I
K
RF Q
A
H
A
Q G
K
BF _ IBJJB CTGFB IDEEBFCDHL F
A
QC
K
BQ BHJ 
K
G
K
BIJNEB LN FITRQ G
LB
K
G EB
K
GJ
A
DH \ ^DNE
K
B CEDO
K
~QB LB
K
B`JEGIJ
A
DH LBF
h
 FGJ
A
FMG
A
JBF BHJEB LBN` EB
K
GJ
A
DHF _
IBJJB CTGFB IDEEBFCDHL 
K
G
K
BIJNEB LN FITRQ G LBF LBN` EB
K
GJ
A
DHF _ BJ 
K
G
[
RHREGJ
A
DH LBF
h
 NHG
A
EBF LN
K
GH
[
G
[
B \
} NJ
AKA
FGJBNE LD
A
J BHFN
A
JB
A
Q C
K
RQ BHJBE
K
G I
K
GFFB CERL
A
IGJ ¡
[
NEB  \j _ NJ
AKA
FRB LGHF
K
G
K

[
DE
A
JTQ B CDNE JBFJBE F
A
NH QDJ
A
M EBFC BIJB
K
B CERL
A
IGJ \

BJJB I
K
GFFB C BNJ Q GH
A
CN
K
BE C
K
NF
A
BNEF
LDHHRBF BH BHJERB \ ^GE B`BQC
K
B _ LGHF
K
B IGLEB LB
K
G LRIDNSBEJB LBF
h
 BHJEB LBN` EB
K
G
J
A
DHF _
K
B CERL
A
IGJ ERMREBHIBEG
K
BF LBN` EB
K
GJ
A
DHF IDHIBEHRBF \
h
GHF IBEJG
A
HF IGF _
K
BF QDJ
A
MF FDHJ GFFDI
A
RF  NHB QBFNEB L 
A
HJREJ JB
K
]NB
K
B FNCCDEJ
CDNE
K
BF QDJ
A
MF MER]NBHJF \ }B CERL
A
IGJ C BNJ G
K
DEF JEB NJ
AKA
FR CDNE IG
K
IN
K
BE IBJJB Q BFNEB BJ
K
GFFD I
A
BE GN` QDJ
A
MF \
bbb
[\ ]
Ã
^\ _]`a`ab _cd\ ]c_Äe\ e .c ^d`]Äagh\
Ã
e .\
a ]cia Ä` j e\ h`a Äk
Ã
Äjal ]\
ÃÃ
cja
Ã
lAHGKBQ BHJ _ HDJDHF ]N AK BFJ CDFFAO KB LB LR¡HAE LBF CERLAIGJF AFFNF LB KG IDHa DHIJADH
LB CKNFABNEF CERLAIGJF _ JBKF ]NB KBF CERLAIGJF LBF EBCERFBHJGJADHF IDHLBHFRBF LBF Q DJAMF
MER]NBHJF \
h
GHF IB IGF _ K DE[GHAFGJADH LB HDJEB KAOEGAEAB C BEQ BJ LB ERNJAKAFBE KBF CERLAIGJF
LRa  LRSBKDCCRF _ BJ LB KBF GFFDIABE JE~F FAQCKBQ BHJ LGHF NH HDNSBGN CERLAIGJ \ ^GE B`BQCKB
CDNE KBF Q DJAMF [RHREGJBNEF MER]NBHJF _ FA KB CERLAIGJ JEB MER]NBHJ  BFJ LRa  LR¡HA _ AK FN J
L AQCKRQ BHJBE IBKN A LR¡HAFFGHJ KBF QDJAMF [RHREGJBNEF _ CNAF LB KBF AHJR[EBE JDNF LBN` LGHF
NH HDNSBGN CERLAIGJ JEB [RHREGJBNE MER]NBHJ \
} NJAKAFGJBNE LDAJ GNFFA LRSBKDCCBE DN NJAKAFBE LBF IKGFFBF CDNE FJDImBE BJ¢DN BHEB[AFJEBE
KBF FDKNJADHF LRIDNSBEJBF CGE K GK[DEAJTQ B KG JTRDEAB _ KG ODELNEB CDFAJASB BJ¢DN KG O DELNEB
HR[GJASBj \

BF IKGFFBF C BNSBHJ JEB NJAKAFRBF CDNE FJDImBE KBF FDKNJADHF BH QRQDAEB _ C DNE
KBF BHEB[AFJEBE LGHF NH ¡ITABE LGHF NH MDEQ GJ LDHHR DN FNE NH GNJEB FNCCDEJ \ }G LR¡HAJADH
LB IB IDQCDFGHJ C BEQ BJ R[GKBQ BHJ L BmBIJNBE NH RSBHJNBK CDFJJEGAJBQ BHJ FNE KG FDEJAB
JBKF ]NB KB ¡ KJEG[B LB IBEJGAHF RKRQ BHJF _ K GCCKAIGJADH L NH IEAJ~EB LB Q G`AQ GKAJR DN L NH
DELEB LB FDEJAB CGEJAINKABE \
l
A
HG
K
BQ BHJ _ CDNE JDNJ CEDO
K
~QB HB F B`CE
A
Q GHJ CGF HGJNEB
KK
BQ BHJ LB MGDH BHFBQ 
O
KA
FJB _
AK
BFJ HRIBFFG
A
EB LB LR¡H
A
E NHB MDHIJ
A
DH CBEQ BJJGHJ LB JEGHFMDEQ BE ITG]NB QDJ
A
M
LN
K
GH
[
G
[
B BH BHFBQO
K
B \ ^GE B`BQC
K
B _ LGHF
K
B IGF LB
K
B`JEGIJ
A
DH LBF
h
 FGJ
A
FMG
A
JBF BHJEB
LBN` EB
K
GJ
A
DHF _ IBJJB MDHIJ
A
DH SG IDEEBFCDHLEB 
K
G MDHIJ
A
DH
ens
LR¡H
A
B BH FBIJ
A
DH É \
Ê
\ \
ﬃ
KK
B CEBHLEG BH CGEGQ ~JEB NHB
h
 BJ EBJDNEHBEG
K
BHFBQO
K
B LBF
h
 NHG
A
EBF IDEEBFCDHLGHJ \
n
ÓÑoÓÔ ÕÐ Ñp ÓÔ ØÌ
q
k ÏÕÑÖÎúÌÔ
h
GHF FG SBEF
A
DH GIJNB
KK
B _ HDJEB
KA
OEG
A
E
A
B IDHJ
A
BHJ LBF IDQCDFGHJF CDNE
K
G LRIDNSBEJB LBF
QDJ
A
MF MER]NBHJF _ LBF QDJ
A
MF BFFBHJ
A
B
K
F MER]NBHJF _
K
G LRIDNSBEJB LBF I
K
RF Q
A
H
A
QG
K
BF L NHB
EB
K
GJ
A
DH _ BJ
K
G LRIDNSBEJB LBF
h
 FGJ
A
FMG
A
JBF BHJEB LBN` EB
K
GJ
A
DHF \ 
K
F IDHFJ
A
JNBHJ NHB O DPJB
 DNJ
AK
F Q BJJGHJ 
K
G L
A
FCDF
A
J
A
DH LB
K
GHG
K
FJB Ç
È h
BF IDQCDFGHJF C BEQ BJJGHJ L GIIRLBE  LBF LDHHRBF FJDImRBF LGHF LBF ¡IT
A
BEF Ç
OGFB LB LDHHRBF LB JEGHFGIJ
A
DHF GN MDEQ GJ LB l r  s
%tu
 _
%
3
tu
v _ DN LDHHRBF
JGON
K
G
A
EBF GN MDEQ GJ

w
L 
ﬃ
`IB
K
\
È h
BF FJENIJNEBF LB LDHHRBF LB JCB ê _ CGEJ
A
IN
KA
~EBQ BHJ GLGCJRBF CDNE EBCERFBHJBE
LBF BHFBQO
K
BF \
È
}BF CERL
A
IGJF JEB NHB FNCBE I
K
R _ JEB NHB
h
 FGJ
A
MG
A
JB _ JEB MER]NBHJ _ BJ JEB
BFFBHJ
A
B
K
MER]NBHJ \
x
ÕÕ ÓÑ Ø ÒÎ ÖÑﬁÐÏúÙ Ó
^DNE NJ
AKA
FBE NH G
K[
DE
A
JTQB _
AK
FN J L 
A
HFJGHI
A
BE
K
G I
K
GFFB IDEEBFCDHLGHJB BH
K
N
A
CGFFGHJ
BH CGEGQ ~JEB
K
BF IDQCDFGHJF HRIBFFG
A
EBF 
K
G ERFD
K
NJ
A
DH LN CEDO
K
~QB CGEQ
A
IBN` CERFBHJRF
CERIRLBQQBHJj \
ﬃ
H DNJEB _ F
A
O BFD
A
H BFJ _
K
G
KA
OEG
A
E
A
B
A
HJ~
[
EB NH IDQCDFGHJ C BEQ BJJGHJ
L 
A
HSBEFBE F
A
QC
K
BQ BHJ NH CERL
A
IGJ \
bby
¿ Àc d
jz {Äe|c Ä|Äz fgg
¬ ­U ­U }~W
±Z
W
Xµ¼
~
»
~
´ Z¸´ Y

Y»X´ YZµ»
}BF C BEMDEQ GHIBF LBF IDQCDFGHJF NJAKAFGJBNEF LRC BHLBHJ LAEBIJBQ BHJ LB KG MGDH LDHJ
AKF DHJ RJR AQCKRQ BHJRF \ DNJBMDAF _ NH IBEJGAH HDQOEB LB IDQCDFGHJF FDHJ LAFCDHAOKBF G¡H
LB MGIAKAJBE K DOJBHJADH L NHB AQCKRQ BHJGJADH B IGIB \ ^GE B`BQCKB _ KG KAOEGAEAB IDQCEBHL
LBN` FJENIJNEBF LB ê  Ç KG CEBQ A~EB MGSDEAFB KG IDQCEBFFADH LBF LDHHRBF _ GKDEF ]NB KG
LBN` A~QB MGSDEAFB KBF JBQCF L GII~F GN` LDHHRBF \
^GE GAKKBNEF _ KB LRSBKDCCBQBHJ L GK[DEAJTQ BF QDLNKGAEBF BJ [RHREA]NBF AQCKA]NB HRIBF
FGAEBQ BHJ NH FNEID;J  K B`RINJADH CGE EGCCDEJ  LBF FDKNJADHF LRLARBF _ BFFBHJABKKBQ BHJ L;
 LBF CGFFG[BF LB CGEGQ ~JEBF FNCCKRQ BHJGAEBF _ BJ  K NJAKAFGJADH L AJREGJBNEF \
ﬂH IBEJGAH HDQOEB LB JBITHA]NBF L DCJAQ AFGJADHF LRLARBF C BNSBHJ BH DNJEB AHNBE
MDEJBQ BHJ FNE KBF C BEMDEQ GHIBF \ }G LRIDNSBEJB LBF Q DJAMF MER]NBHJF BFJ NH B`BQCKB JCA]NB _
D  JDNF KBF GK[DEAJTQ BF NJAKAFBHJ LBF JBITHA]NBF GFJNIABNFBF LB IDQCJG[B \
ﬃ
H [RHREGK _ IBF
DCJ
A
Q
A
FGJ
A
DHF FDHJ
KA
RBF GN JBFJ LN CERL
A
IGJ _ BJ C BNSBHJ JEB C BENBF IDQQB LBF CER
JEG
A
JBQ BHJF DN LBF CDFJJEG
A
JBQ BHJF LN CERL
A
IGJ \ ^DNE IBJJB EG
A
FDH _ LBN` QRJTDLBF DHJ
RJR Ga DNJRBF GN CERL
A
IGJ Ç CEB^EDIBFF
A
H
[
 BJ CDFJ^EDIBFF
A
H
[
\

BF LBN` Q RJTDLBF FDHJ
B`RINJRBF LGHF
K
BF G
K[
DE
A
JTQ BF GSGHJ BJ GCE~F
K
G CTGFB LB JBFJ LBF IGHL
A
LGJF \
ﬃ
KK
BF CEBHHBHJ
BH CGEGQ ~JEB
K
BHFBQO
K
B LBF IGHL
A
LGJF _ G
A
HF
A
]NB
K
G MDHIJ
A
DH LB JEGHFMDEQ GJ
A
DH LBF QDJ
A
MF
LN
K
GH
[
G
[
B \ ^GE B`BQC
K
B _ IDHF
A
LREDHF
K
G LRIDNSBEJB LBF Q DJ
A
MF MER]NBHJF Ç
È
K
G Q RJTDLB CEB^EDIBFF
A
H
[
 CBNJ CGE B`BQC
K
B FBES
A
E  QBJJEB  a DNE
K
B FNCCDEJ
LBF IGHL
A
LGJF GSGHJ L Bm BIJNBE
K
B JBFJ LN CERL
A
IGJ \

A
HF
A AK
BFJ CDFF
A
O
K
B LB MG
A
EB
NH CGEIDNEF LB
K
G OGFB LB LDHHRBF  ITG]NB
A
JREGJ
A
DH LB
K
G
K[
DE
A
JTQB GN
KA
BN L NH
CGEIDNEF CDNE ITG]NB QDJ
A
M JBFJR IDQQB IB
K
G BFJ MG
A
J LGHF
K
GLGCJGJ
A
DH  IB IGLEB
LB
K
G
K[
DE
A
JTQ B
Apriori
srvj \
È
K
G Q RJTDLB CDFJ^EDIBFF
A
H
[
 CBNJ JEB NJ
AKA
FRB CDNE EBIDHFJEN
A
EB
K
G OGFB LB LDHHRBF
BH FNCCE
A
Q GHJ LBF GEJ
A
I
K
BF DN LBF JEGHFGIJ
A
DHF ]N
A
HB FDHJ C
K
NF NJ
AKA
FRF \
/01 )  \
È
ﬃ
`BQC
K
B L 
A
QC
K
RQ BHJGJ
A
DH LN CERL
A
IGJ JEB MER]NBHJ  IDHJBHGHJ NHB QRJTDLB
[
RHRE
A
]NB CDNE
K
B IDQCJG
[
B LN FNCCDEJ BJ NHB FC RI
A
¡]NB
K
DEF]NB
K
BF LDHHRBF FDHJ FJDImRBF
LGHF NH JE
A
B
bb
z |
Ã
{z | dz | Äez e . {d|Äghz
Ã
e .z
 |i Äj ez h Äk
Ã
Äjl |z
ÃÃ
j
Ã
K BFJ R[GKBQ BHJ CDFFAO KB L GQ RKADEBE IDHFALREGOKBQ BHJ KBF C BEMDEQ GHIBF LBF AQ CKR
QBHJGJADHF BH JAEGHJ CGEJAB LBF FC RIA¡IAJRF LB IBEJGAHBF FJENIJNEBF LB LDHHRBF _ IDQQB KBF
ê  LGHF KB IGF LBF Q DJAMF MER]NBHJF \

DQQB KB Q DHJEB KG ¡[NEB  \ _ AK BFJ CDFFAO KB
LB LRSBKDCCBE GN FBAH L NHB Q QB IKGFFB CKNFABNEF SBEFADHF L NHB Q QB QRJTDLB Ç NHB
SBEFADH [RHREA]NB BJ LBF SBEFADHF FC RIAGKAFRBF \ }G QRJTDLB [RHREA]NB BFJ GNJDQ GJA]NBQBHJ
NJAKAFRB FA GNINHB QRJTDLB FC RIAGKAFRB HB IDEEBFCDHL  KG FJENIJNEB LB LDHHRBF JEGAJRB \
n o Ł§xtz© u>vrvzy>¦
} RSGKNGJADH DOa BIJASB LN JBQCF LB LRSBKDCCBQBHJ BFJ JE~F LA IAKB \ }B FBNK EBINK ]NB
HDNF GSDHF CGE EGCCDEJ  IBJ GFC BIJ CEDSABHJ LB HDF CEDCEBF JEGSGN` slr^
u
 _ l
u
v \
h
B
QGHA~EB [RHREGKB _ HDNF GSDHF IDHFJGJR ]NB K GLGCJGJADH LBF AQCKRQ BHJGJADHF B` AFJGHJBF
RJGAJ B`JEQBQBHJ MGFJAL ABNFB \

JAJEB L AHLAIGJADH _ K NJAKAFGJADH LB HDJEB KAOEGAEAB CDNE
ERFDNLEB
K
B CEDO
K
~QB LB
K
G LRIDNSBEJB LBF I
K
RF Q
A
H
A
Q G
K
BF L NHB EB
K
GJ
A
DH G RJR MG
A
JB BH
]NB
K
]NBF TBNEBF \
h
GHF
K
G FN
A
JB LB IBJJB FBIJ
A
DH _ HDNF G
KK
DHF CERFBHJBE ]NB
K
]NBF B`CRE
A
Q BHJGJ
A
DHF ERG
KA

FRBF  CGEJ
A
E LB HDJEB
KA
OEG
A
E
A
B CDNE
K
G LRIDNSBEJB LBF QDJ
A
MF MER]NBHJF \ }BF IDQCDFGHJF
HRIBFFG
A
EBF 
K
G ERFD
K
NJ
A
DH LB IB CEDO
K
~QB DHJ RJR
A
Q C
K
RQ BHJRF _ GSBI NHB SBEF
A
DH DCJ
A
Q
A
FRB
LN JBFJ LN CERL
A
IGJ \ }BF B`C RE
A
Q BHJGJ
A
DHF DHJ RJR MG
A
JBF GSBI
K
G
K[
DE
A
JTQ B
Apriori
FNE LBF
a BN` LB LDHHRBF LB l r  s
%tu
 _
%
3
tu
v \

DNF GSDHF IDQCGER
K
B IGI
A
JR LB HDJEB CED
[
EGQQB GSBI LBN` GNJEBF
A
Q C
K
RQ BHJGJ
A
DHF
L 
Apriori
FC RI
A
G
K
BQ BHJ LRL
A
RBF  IB CEDO
K
~QB Ç
K

A
QC
K
RQ BHJGJ
A
DH LB
%
\ 3DBJTG
K
F s3DBGv BJ
K

A
QC
K
RQ BHJGJ
A
DH LB

\
%
DE
[
B
K
J s
%
DE
u
v \ }G CEBQ
A
~EB BFJ NHB
A
QC
K
RQ BHJGJ
A
DH I
K
GFF
A
]NB LB
K
G
K[
DE
A
JTQB
Apriori
_
K
G LBN`
A
~QB BFJ
K
G Q B
AKK
BNEB
A
Q C
K
RQ BHJGJ
A
DH L 
Apriori
IDHHNB  IB
a DNE \
ﬃ
KK
B BFJ LRSB
K
DCCRB BH

BJ BFJ MDEJBQ BHJ DCJ
A
Q
A
FRB \

DN
KA[
HDHF ]NB
K

A
QC
K
RQ BHJGJ
A
DH
LRSB
K
DCCRB  CGEJ
A
E LB
K
G
KA
OEG
A
E
A
B HB IDHJ
A
BHJ CGF JDNJBF
K
BF DCJ
A
Q
A
FGJ
A
DHF LB IBF LBN`
GNJEBF CED
[
EGQQBF \
} DOa BIJ
A
M LB IBF B`C RE
A
Q BHJGJ
A
DHF BFJ LB QDHJEBE ]N NHB
A
QC
K
RQ BHJGJ
A
DH
A
FFNB LB
K
G
KA
OEG
A
E
A
B C BEQ BJ
K
B CGFFG
[
B 
K
RITB
KK
B _ BJ EBFJB IDQCGEGO
K
B GN` QB
AKK
BNEBF
A
QC
K
RQ BHJGJ
A
DHF _
JDNJ BH RJGHJ
[
RHRE
A
]NB BJ QDLN
K
G
A
EB \
}G ¡
[
NEB  \ QDHJEB
K
BF JBQCF L B`RINJ
A
DH DOJBHNF CDNE LBF FBN
AK
F LB FNCCDEJ LDHHRF
BHJEB CGEBHJT~FBF FNE
K
G ¡
[
NEBj CDNE
K
BF a BN` LB LDHHRBF
Connect
_
Pumsb
BJ
Pumsb∗
\
} 
A
QC
K
RQ BHJGJ
A
DH
A
FFNB LB
K
G
KA
OEG
A
E
A
B BFJ IB
KK
B HDJRB 

CE
A
DE
A [
RHRE
A
]NB \ }BF ERFN
K
JGJF
DOJBHNF QDHJEBHJ ]NB
K
BF C BEMDEQ GHIBF L 

CE
A
DE
A [
RHRE
A
]NB  FB F
A
JNBHJ BHJEB IBN` LBF
A
Q C
K
RQ BHJGJ
A
DHF LB
%
\ 3DBJTG
K
F BJ LB

\
%
DE
[
B
K
J \

BF ERFN
K
JGJF FDHJ LDHI JE~F BHIDNEG
[
BGHJF GN EB
[
GEL LB
K
G EGC
A
L
A
JR BJ
K
G F
A
QC
KA
I
A
JR L DOJBHJ
A
DH L NH CED
[
EGQQB DCREGJ
A
DHHB
K
\
h
B C
K
NF _
K
DEF LBF L
A
m REBHJBF B`C RE
A
Q BHJGJ
A
DHF ERG
KA
FRBF _
AK
BFJ GCCGEN ]NB
K
G Q Ga BNEB
CGEJ
A
B LN JBQCF L B`RINJ
A
DH RJG
A
J
KA
RB  LBF IDQCDFGHJF LRSB
K
DCCRF DN ERNJ
AKA
FRFj CGE
K
NJ
A

KA
FGJBNE \ }G ¡
[
NEB  \É QDHJEB
K
G ERCGEJ
A
J
A
DH LN JBQCF L B`RINJ
A
DH L 
Apriori
LRSB
K
DCCRB 
bb¾
¿ À
 

l |Ähzj Äj
Ã
/01 )  \
È
ﬃ
`CREAQ BHJGJADH LB JEDAF AQCKRQ BHJGJADHF L 

CEADEA FNE JEDAF a BN` LB LDHHRBF \
CGEJAE LB KG KAOEGAEAB CDNE KB a BN LB LDHHRBF
Connect
JBFJR CERIRLBQQBHJ \ ^GE IDHFR]NBHJ _
NHB
A
QC
K
RQ BHJGJ
A
DH C
K
NF DCJ
A
Q
A
FRB LB IBF IDQCDFGHJF C BEQ BJJEG
A
J L GQ R
KA
DEBE IDHF
A
LREG
O
K
BQ BHJ
K
BF C BEMDEQ GHIBF
[K
DOG
K
BF LB
K

A
QC
K
RQ BHJGJ
A
DH CDNE IB CEDO
K
~QB \ E _
[
EIB 
K
G
Q DLN
K
GE
A
JR LB
K
G
KA
OEG
A
E
A
B _ IBF IDQCDFGHJF CDNEEG
A
BHJ CGE
K
G FN
A
JB JEB L
A
EBIJBQ BHJ ERNJ
AKA

FRF CDNE
K
G ERFD
K
NJ
A
DH LB HDNSBGN` CEDO
K
~QBF _ C BEQ BJJGHJ G
A
HF
A
GN` NJ
AKA
FGJBNEF L DOJBH
A
E
EGC
A
LBQ BHJ LBF FD
K
NJ
A
DHF C BEMDEQ GHJBF \
/01 )  \É
È
 RCGEJ
A
J
A
DH LN JBQCF L B`RINJ
A
DH L 

CE
A
DE
A [
RHRE
A
]NB  CDNE

DHHBIJ 
u
j \

DNF GSDHF RJNL
A
R LGHF IBJJB CGEJ
A
B
K
NJ
AKA
FGJ
A
DH L G
K[
DE
A
JTQ BF L B`JEGIJ
A
DH LB QDJ
A
MF MER
]NBHJF CDNE ERFDNLEB JDNJ CEDO
K
~QB L B`JEGIJ
A
DH LB QDJ
A
MF
A
HJREBFFGHJF _ IDHMDEQ B GN IGLEB
JTRDE
A
]NB LB srv \ 
K
BFJ GCCGEN ]NB
K
G Q Ga BNEB CGEJ
A
B LBF G
K[
DE
A
JTQ BF L B`JEGIJ
A
DH LB
QDJ
A
MF MER]NBHJF RJG
A
BHJ MDEJBQ BHJ
KA
RF  IB CEDO
K
~QB BJ CDNSG
A
BHJ LDHI L
A
 I
AK
BQ BHJ JEB
GCC
KA
]NRF  NH GNJEB \
h
GHF IB IDHJB`JB _ HDNF GSDHF CERFBHJR IDQQBHJ
ABS
F GCCNG
A
J FNE
NHB FJEGJR
[A
B
[
RHRE
A
]NB L B`C
K
DEGJ
A
DH LB
K
BFCGIB LB EBITBEITB
A
HLRC BHLGHJB LN CERL
A
IGJ _
bb	
z |
Ã
{z | z | Äz  . {|Äghz
Ã
 .z
 |i Äj z h Äk
Ã
Äjl |z
ÃÃ
j
Ã
LDHJ K DOa BIJAM BFJ LB KAQ AJBE KB HDQOEB LB Q DJAMF JBFJRF \

DNF GSDHF GNFFA SN ]NB IB JCB
L GK[DEAJTQ B RJGAJ HDJGQQBHJ B IGIB CDNE ERFDNLEB KB CEDOK~QB LB KG LRIDNSBEJB LBF
h

KBF CKNF FGJAFMGAJBF \
ﬃ
HFNAJB _ HDNF GSDHF CERFBHJR NH JEGSGAK BH IDNEF C BEQ BJJGHJ KB CEDJDJCG[B EGCALB
L GK[DEAJTQ BF L B`JEGIJADH LB QDJAMF AHJREBFFGHJF \

B JEGSGAK IDHIBEHB LB JE~F HDQOEBN`
CEDOK~QBF QGAF GSBI NH CDAHJ LB SNB HDNSBGN Ç IBKN A LB KG [RHREAIAJR BJ LN JBQCF LB
LRSBKDCCBQBHJ HRIBFFGAEB CDNE DOJBHAE LBF CED[EGQQBF ¡GOKBF _ EDONFJBF BJ CGFFGHJ 
K RITBKKB \

HDJEB IDHHGAFFGHIB _ KG FBNKB IDHJEAONJADH JBHLGHJ SBEF KBF Q QBF DOa BIJAMF BFJ
h
r} \

NDA]NB FAQ AKGAEB LGHF K BFCEAJ _ HDJEB CEDCDFAJADH FB LRQ GE]NB LB
h
r} BH LAmREBHJF
CDAHJF Ç
È
KB IGLEB JTRDEA]NB BFJ LAm REBHJ 
È
JDNJ CERLAIGJ Q DHDJDHB DN GHJAQDHDJDHB CBNJ JEB CEAF BH IDQCJB GKDEF ]NB
h
r}
FB MD IGKAFB FNE KB CERLAIGJ JEB MER]NBHJ  
È
C
K
NF LB FJEGJR
[A
BF LB CGEIDNEF L
A
FC DH
A
O
K
BF \ }G
KA
OEG
A
E
A
B Q BJ HDJGQQBHJ  L
A
FCDF
A
J
A
DH
NHB SBEF
A
DH 
[
RHRE
A
]NB  L 
ABS
CBEQ BJJGHJ LB JEDNSBE B IGIBQ BHJ
K
BF ODELNEBF
L NHB JTRDE
A
B 
È
CDFF
A
O
AKA
JR LB LRIDNSE
A
E
K
G JTRDE
A
B G
A
HF
A
]NB
K
BF ODELNEBF CDF
A
J
A
SB BJ HR
[
GJ
A
SB \

RGHQD
A
HF _ HDJEB
KA
OEG
A
E
A
B BFJ LGHF FG MDEQ B GIJNB
KK
B QD
A
HF GITBSRB ]NB
h
r} FNE
IBEJG
A
HF GFC BIJF JB
K
F ]NB
K
GII~F GN` LDHHRBF \
bb
 
 ¡¢£    £ ¡¤£
bb-

qy>¨ª|¦zy>
h
BCNAF FDH AHJEDLNIJADH AK  G CKNF LB LA` GHF _ KG LRIDNSBEJB LB QDJAMF MER]NBHJF _ BJ
CKNF [RHREGKBQ BHJ KG LRIDNSBEJB LB QDJAMF AHJREBFFGHJF _ G RJR NH LBF CEDOK~QBF LB MDNAKKB
LB LDHHRBF KBF CKNF RJNLARF \ }B HDQOEB LB CEDOK~QBF LB IBJJB MGQ AKKB BFJ AQ CDEJGHJ _ BJ KBF
LDQGAHBF GODELRF SGEARF \ DNJBMDAF _  HDJEB IDHHGAFFGHIB _ K GLGCJGJAS AJR BJ KG [RHREAIAJR
LBF GK[DEAJTQBF DHJ RJR C BN RJNLARBF Q BHGHJ  NH [EGHL HDQOEB LB EBFFDNEIBF BJ LB
IDHJEAONJADHF TRJRED[~HBF \

¡H L NHA¡BE KB CG FG[B _ LBF GJBKABEF JBKF ]NB l r  s
%tu
 _
%
3
tu
v DHJ BN CDNE DOa BIJAMF LB IDQCGEBE BJ L RJNLABE KB IDQCDEJBQ BHJ LBF GK[DEAJTQ BF
LB LRIDNSBEJB LBF QDJAMF MER]NBHJF _ BJ FNEJDNJ LB EBHLEB LAFC DHAOKBF KBNEF AQ CKRQ BHJGJADHF \
h
GHF IB IDHJB`JB _ HDNF GSDHF Q AF BH DBNSEB NHB GCCEDITB D  K GLGCJGJAS AJR BJ KG [RHR
EAIAJR RJGABHJ LBF CEREB]NAF _ IB ]NA RJGAJ IKGAEBQ BHJ BH ENCJNEB GSBI KG JBHLGHIB GIJNBKKB \
DNJ L GODEL _ HDNF GSDHF B¥BIJNR NHB RJNLB B`CREAQ BHJGKB GCCEDMDHLAB LBF a BN` LB
LDHHRBF NJ
AKA
FRF CDNE
K
B`JEGIJ
A
DH LBF QDJ
A
MF MER]NBHJF slr^
u
v \

K

A
FFNB LB IBF B`C R
E
A
Q BHJGJ
A
DHF _
AK
BFJ GCCGEN ]NB
K
G L
A
FJE
A
ONJ
A
DH LB
K
G ODELNEB HR
[
GJ
A
SB BJ LB
K
G ODELNEB
CDF
A
J
A
SB GSG
A
J NH
A
QCGIJ
A
Q CDEJGHJ FNE
K
BF G
K[
DE
A
JTQ BF _ BJ HDNF G QBHR  LR¡H
A
E NHB HDN
SB
KK
B BJ Q B
AKK
BNEB I
K
GFF
A
¡IGJ
A
DH LBF a BN` LB LDHHRBF \

BJJB I
K
GFF
A
¡IGJ
A
DH BFJ C
K
NF F
A
Q C
K
B ]NB IB
KK
B CERFBHJRB LGHF s3
tuÊ
v JDNJ BH RJGHJ
FJGO
K
B CGE EGCCDEJ GN ITGH
[
BQ BHJ LB FBN
AK
Q
A
H
A
QNQ LB FNCCDEJ BJ BH GIIDEL GSBI
K
BF
C BEMDEQ GHIBF LBF G
K[
DE
A
JTQ BF \
ﬃ
H C
K
NF LBF IGEGIJRE
A
FJ
A
]NBF TGO
A
JNB
KK
BQ BHJ RJNL
A
RBF _
K
G
L
A
FJGHIB  BHJEB
K
BF L
A
FJE
A
ONJ
A
DHF LB
K
G ODELNEB HR
[
GJ
A
SB BJ LB
K
G ODELNEB CDF
A
J
A
SB C BEQ BJ
LB Q
A
BN` RSG
K
NBE
K
G L
A
 IN
K
JR L NH a BN LB LDHHRBF \
^GE
K
G FN
A
JB _ HDNF HDNF FDQQBF GCCNRF FNE IBF ERFN
K
JGJF B`C RE
A
Q BHJGN` CDNE CED
CDFBE NH G
K[
DE
A
JTQ B LB LRIDNSBEJB LBF ODELNEBF LBF Q DJ
A
MF MER]NBHJF _ GCCB
K
R
ABS

Adaptive Borders Search
j slr^
u
 v _ GLGCJGHJ LHGQ
A
]NBQBHJ FG FJEGJR
[A
B L B`C
K
DEG
J
A
DH LB
K
BFCGIB LB EBITBEITB BH MDHIJ
A
DH LBF LDHHRBF \

BJ G
K[
DE
A
JTQB F GCCN
A
B FNE NH
CGEIDNEF CGE H
A
SBGN LB
K
BFCGIB LB EBITBEITB LB JCB
Apriori
s

 v _ CN
A
F FNE NHB G
K
JBE
HGHIB LB FGNJF  DN LNG
KA
FGJ
A
DHF BHJEB
K
BF LBN` ODELNEBF a NF]N 
K
BNE LRIDNSBEJB \
}G FJEGJR
[A
B GLGCJGJ
A
SB NJ
AKA
FRB LGHF
ABS
IDHF
A
FJB  LRJBEQ
A
HBE LHGQ
A
]NBQBHJ 
]NB
K
QDQBHJ
K
G
K[
DE
A
JTQB LD
A
J CGFFBE L NHB B`C
K
DEGJ
A
DH CGE H
A
SBGN _  NHB GCCEDITB G
K
JBE
HGHJ
K
BF LNG
KA
FGJ
A
DHF \

B ITD
A
` BFJ MG
A
J
K
DEF]NB
K
R
K
G
[
G
[
B MG
A
J CGE
Apriori
H BFJ C
K
NF B IGIB _
A
\B \
K
DEF]NB
K
G CEDCDEJ
A
DH LB QDJ
A
MF IGHL
A
LGJF HDH MER]NBHJF
[
RHRERF BFJ JE~F MG
A
O
K
B \
h
GHF
IB IGF _ BH B`C
K
D
A
JGHJ
K
BF QDJ
A
MF LBF ODELNEBF LRa  LRIDNSBEJF _
K
BF LNG
KA
FGJ
A
DHF C BEQ BJJBHJ
LB MG
A
EB LB
[
EGHLF FGNJF LGHF
K
BFCGIB LB EBITBEITB _ BJ RS
A
JBHJ G
A
HF
A
LB JBFJBE NH
[
EGHL
HDQOEB LB Q DJ
A
MF \ }G FJEGJR
[A
B GLGCJGJ
A
SB B`C
K
D
A
JB GNFF
A
NHB Q BFNEB L BEEBNE CDNE BFJ
A
Q BE
K
G L
A
FJGHIB BHJEB NH QDJ
A
M HDH MER]NBHJ LRIDNSBEJ CGE LNG
KA
FGJ
A
DH BJ
K
G ODELNEB CDF
A
J
A
SB \
}BF Q DJ
A
MF
A
LBHJ
A
¡RF IDQQB RJGHJ CEDITBF  LB
K
G ODELNEB CDF
A
J
A
SB FDHJ BHFN
A
JB NJ
AKA
FRF
IDQQB CD
A
HJ LB LRCGEJ CDNE LRIDNSE
A
E
K
BF Q DJ
A
MF LB
K
G ODELNEB CDF
A
J
A
SB FDNFa GIBHJF \

SBI
K
G
[
RHRE
A
I
A
JR BH JJB _ HDNF GSDHF BHFN
A
JB RJNL
A
R
K
BF CEDO
K
~QBF L B`JEGIJ
A
DH LB QD
J
A
MF
A
HJREBFFGHJF _ EBCERFBHJGO
K
BF CGE LBF BHFBQO
K
BF _ JB
K
F ]N 
AK
F DHJ RJR LR¡H
A
F LGHF srv \
ﬃ
H B¥BJ _ NH LBF
A
HJREJF L 
ABS
BFJ LB F GCCNBE FNE NHB FJEGJR
[A
B JDJG
K
BQ BHJ
[
RHRE
A
]NB _
bb8
LDHJ K B IGIAJR BFJ AHLRC BHLGHJB LN CERLAIGJ RJNLAR \ }BF FGNJF B¥BIJNRF HB FDHJ CGF MDH
LRF FNE LBF TBNEAFJA]NBF DN LBF CEDCEARJRF KARBF GN CEDOK~QB RJNLAR _ Q GAF NHA]NBQ BHJ FNE
K GHJAQDHDJDHAB LN CERLAIGJ \ }BF C BEMDEQ GHIBF LB IB JCB L GCCEDITB DHJ HDJGQQBHJ RJR
Q AFBF BH RS ALBHIB CDNE KB CEDOK~QB _ IDQCK~JBQ BHJ LA¥REBHJ LBF MER]NBHJF _ LB KG LRIDNSBEJB
LB
h
 sr^
u
v \

DNF HDNF FDQQBF GKDEF GJJG]NRF  KG Q AFB BH CKGIB LBF GK[DEAJTQ BF GN HASBGN KD[AIABK
CGEJGHJ LN IDHFJGJ ]NB K DOJBHJADH L NHB AQCKRQ BHJGJADH CBEMDEQ GHJB LB IBF GK[DEAJTQ BF
BFJ KDH[NB BJ IDQCKB`B _ BJ EBFJB IDH¡HRB  KG LAFIERJADH LB ]NBK]NBF CED[EGQQBNEF FC R
IAGKAFJBF \ r QB K GLGCJGJADH LBF AQCKRQ BHJGJADHF B` AFJGHJBF F GS~EB LA IAKB _ BJ EB]NABEJ
NHB IDHHGAFFGHIB GCCEDMDHLAB LBF JBITHA]NBF BJ DCJAQ AFGJADHF Q AFBF BH DBNSEB \
h
B CKNF _
KB IDLB FDNEIB _ Q QB KAOEB BJ CGEMDAFj IDQQBHJR _ BFJ BH [RHREGK IDQCKB`B BJ AHJAQ BQBHJ
KAR GN CEDOK~QB LBF QDJAMF MER]NBHJF \
} DOa BIJAM RJGAJ LDHI LB MGIAKAJBE KB JEGSGAK LBF CED[EGQQBNEF CDNE KBNE C BEQ BJJEB L DO
JBHAE NH CED[EGQQB CGFFGHJ  K RITBKKB CDNE NHB GCCKAIGJADH LDHHRB \
h
GHF IB IDHJB`JB _
HDNF GSDHF CEDCDFR NHB
KA
OEG
A
E
A
B C BEQ BJJGHJ
K
B CEDJDJCG
[
B EGC
A
LB LB CED
[
EGQQBF L B` 
JEGIJ
A
DH LB QDJ
A
MF
A
HJREBFFGHJF LGHF LBF LDHHRBF \

DNF GSDHF GNFF
A
CEDCDFR NHB QRJTDLD
K
D
[A
B CDNE SRE
A
¡BE ]NB
K
B CEDO
K
~QB RJNL
A
R IDEEBFCDHL GN IGLEB IDHF
A
LRER LGHF IB Q RQD
A
EB _
BJ CDNE
[
N
A
LBE
K
NJ
AKA
FGJBNE LGHF
K
B LRSB
K
DCC BQBHJ LBF L
A
¥REBHJF IDQCDFGHJF \

BJJB
KA
OEG
A
E
A
B Q BJ  L
A
FCDF
A
J
A
DH LB
K
NJ
AKA
FGJBNE LBF FJEGJR
[A
BF
[
RHRE
A
]NBF JB
KK
BF ]N NH
CGEIDNEF CGE H
A
SBGN DN
K
G
K[
DE
A
JTQB
ABS
_ C DNE ERFDNLEB JDNJ CEDO
K
~QB L B`JEGIJ
A
DH LB
QDJ
A
MF
A
HJREBFFGHJF EBMDEQN
K
GO
K
B LGHF
K
B IGLEB JTRDE
A
]NB LB srv \

BF G
K[
DE
A
JTQ BF C BE
QBJJBHJ LB LRIDNSE
A
E
K
G JTRDE
A
B _ BJ¢DN
K
G ODELNEB CDF
A
J
A
SB _ BJ¢DN
K
G ODELNEB HR
[
GJ
A
SB \
}BF FJEGJR
[A
BF L
A
FCDH
A
O
K
BF LGHF
K
G
KA
OEG
A
E
A
B FDHJ LBF ODPJBF HD
A
EBF CDNE
K
BF NJ
AKA
FGJBNEF _ ]N
A
LD
A
SBHJ NH
A
]NBQBHJ LRSB
K
DCCBE DN ERNJ
AKA
FBE
K
BF IDQCDFGHJF FC RI
A
¡]NBF GN CEDO
K
~QB RJN
L
A
R \

DJEB JEGSG
AK
IDHIBEHB LDHI
K
G MGQ
AKK
B LBF CEDO
K
~QBF L B`JEGIJ
A
DH LB QDJ
A
MF
A
HJREBFFGHJF
GSBI NH CD
A
HJ LB SNB HDNSBGN Ç IB
K
N
A
LB
K
G
[
RHRE
A
I
A
JR BJ LN JBQCF LB LRSB
K
DCCBQ BHJ HRIBF
FG
A
EB CDNE DOJBH
A
E LBF CED
[
EGQQBF ¡GO
K
BF _ EDONFJBF BJ CGFFGHJ 
K
RITB
KK
B \

DNF GSDHF Q
A
F
BH DBNSEB IBJJB GCCEDITB CDNE ERFDNLEB LBF CEDO
K
~QBF JDJG
K
BQ BHJ L
A
¥REBHJF LB IB
K
N
A
LBF
MER]NBHJF JB
K
F ]NB
K
B`JEGIJ
A
DH LB LRCBHLGHIBF L 
A
HI
K
NF
A
DH sr}^
u 
_ r^
u
v BJ
K
G ERFD
K
NJ
A
DH
LB IBEJG
A
HBF CTGFBF LN CEDIBFFNF LB ERRIE
A
JNEB LB EB]NJBF LGHF NH FFJ~QB L 
A
HJR
[
EGJ
A
DH
LB FDNEIBF LB LDHHRBF TRJRED
[
~HBF s^
+
u
 _ l
u
v \ }BF ERFN
K
JGJF DOJBHNF DHJ QDHJER ]N 
AK
RJG
A
J CDFF
A
O
K
B L DOJBH
A
E EGC
A
LBQ BHJ NHB
A
QC
K
RQ BHJGJ
A
DH NJ
AKA
FGO
K
B _ JDNJ BH C BEQ BJJGHJ
K
B
CGFFG
[
B 
K
RITB
KK
B \ }G
KA
OEG
A
E
A
B _ BHIDEB BH IDNEF LB LRSB
K
DCCBQ BHJ _ BFJ
KA
OEBQ BHJ GIIBFF
A
O
K
B
FNE
A
HJBEHBJ \
¦
ut¦§ u¨vz§u¦
}BF C BEFC BIJ
A
SBF FNFI
A
JRBF CGE IBF JEGSGN` FDHJ QN
K
J
A
C
K
BF \ }BF B`C RE
A
Q BHJGJ
A
DHF ERG
KA

FRBF FNE
K
BF a BN` LB LDHHRBF DHJ C BEQ
A
F L RJNL
A
BE L
A
¥REBHJF JCBF LB QDJ
A
MF MER]NBHJF BJ
EBCERFBHJGJ
A
DHF IDHLBHFRBF LBF MER]NBHJFj \
h
BF CEDCE
A
RJRF HDH a NFJ
A
¡RBF L NH CD
A
HJ LB SNB
by½
JTRDEA]NB DHJ GAHFA RJR DOFBESRBF _ JBKKBF ]N NH [EGHL HDQOEB LB LAFJEAONJADHF FDNF MDEQ B LB
IDNEO BF BH IKD ITB _ BJ KG FJGOAKAJR  LBF LAFJEAONJADHF CGE EGCCDEJ GN ITGH[BQBHJ LB FBNAK
Q AHAQNQ LB FNCCDEJ \ ^GE KG FNAJB _ HDJEB RJNLB F BFJ CEAHIACGKBQ BHJ MD IGKAFRB FNE KBF QDJAMF
MER]NBHJF BJ KBNE ODELNEB \
%
ABH ]N GGHJ DOJBHN NHB [EGHLB ]NGHJAJR L AHMDEQ GJADHF FNE
KBF EBCERFBHJGJADHF IDHLBHFRBF LBF MER]NBHJF _ IBKKBFIA DHJ RJR C BN B`CKDAJRBF BH CEGJA]NB \
K FBEGAJ LDHI CGEJAINKA~EBQ BHJ AHJREBFFGHJ L RJNLABE BH LRJGAK IBF LA¥REBHJF GFC BIJF \
h
B
HDNSBKKBF FJEGJR[ABF CDNEEGABHJ RSBHJNBKKBQ BHJ HGPJEB \

DQQB HDNF K GSDHF SN BH FBIJADH  \ _ IBJJB RJNLB FBEGAJ GNFFA NJAKB CDNE L GNJEBF
GCCKAIGJADHF JBKKB ]NB KG IDHFJENIJADH LB a BN` LB LDHHRBF FHJTRJA]NBF CKNF ERGKAFJBF \
h
BF
JEGSGN` JBKF ]NB s

 _ r
tu
 _ 
t
r
u
 _
h
r
u
v DHJ CEDCDFR LBF Q RJTDLBF CDNE [RHREBE
LBF a BN` LB LDHHRBF FHJTRJA]NBF \ DNJBMDAF _ GN EB[GEL LBF B`CREAQ BHJGJADHF ERGKAFRBF _ AK
BFJ GCCGEN ]NB IBF Q RJTDLBF HB C BEQ BJJGABHJ CGF LB EBRJBE KG IDQCKB` AJR BJ KG LASBEFAJR
ERBKKBF LBF a BN` LB LDHHRBF \
^DNE ¡HAE _ HDF JEGSGN` FNE KB CEDJDJCG[B EGCALB L GK[DEAJTQ BF L B`JEGIJADH LB QDJAMF
A
HJREBFFGHJF C BEQ BJJBHJ L BHS
A
FG
[
BE LB HDNSB
KK
BF C BEFC BIJ
A
SBF \ } Ga DNJ LB HDNSBGN` IDQ 
CDFGHJF LGHF
K
G
KA
OEG
A
E
A
B MGI
AKA
JBEG
A
J FDH NJ
AKA
FGJ
A
DH \ }G ERFD
K
NJ
A
DH LB HDNSBGN` CEDO
K
~QBF FB
MBEG
A
J C
K
NF EGC
A
LBQ BHJ BJ F
A
Q C
KA
¡BEG
A
J
K
B JEGSG
AK
LB
K
NJ
AKA
FGJBNE \ }BF IDQCDFGHJF  LRSB
K
DC
CBE FDHJ JC
A
]NBQ BHJ LB HDNSB
KK
BF FJENIJNEBF LB LDHHRBF _ DN LBF IDQCDFGHJF C BEQ BJJGHJ
LB FJDImBE BJ LB
[
REBE LB HDNSBGN` MDEQ GJF BJ FDNEIBF LB LDHHRBF \ 
K
FBEG
A
J GNFF
A A
HJREBF
FGHJ L 
A
HI
K
NEB LB HDNSBGN` G
K[
DE
A
JTQBF 
K
G
KA
OEG
A
E
A
B _ JB
K
F ]NB LBF G
K[
DE
A
JTQ BF MG
A
FGHJ NH
CGEIDNEF BH CEDMDHLBNE \

DNF CDNSDHF GNFF
A
BFFGBE LB EB
K
G`BE IBEJG
A
HBF IDHJEG
A
HJBF CDNE
BHS
A
FG
[
BE LB JEG
A
JBE C
K
NF LB CEDO
K
~QBF _ IDQQB
K
G LRIDNSBEJB LB FR]NBHIBF MER]NBHJBF \
H CBNJ
A
Q G
[A
HBE
K
B LRSB
K
DCCBQBHJ L NHB GCCEDITB C
K
NF LRI
K
GEGJ
A
SB LB IBF CEDO
K
~QBF
LB MDN
AKK
BF LB LDHHRBF BH LR¡H
A
FFGHJ NH
K
GH
[
G
[
B LB EB]NJBF ]N
A
_ GFFDI
A
R  NH QDL~
K
B
LB ID;J _ C BEQ BJJEG
A
J  NH DCJ
A
Q
A
FBNE LB ITD
A
F
A
E GNJDQ GJ
A
]NBQ BHJ
K
B CGEIDNEF  NJ
AKA
FBE _
KA
O REGHJ
K
B LRSB
K
DCCBNE LB IBJJB JITB L
A
 I
AK
B \
by b
byy
¨© ¢ ª «
s

^
u Ê
v GQBFT

\

[GE¬GK _

TGEN

\

[[GE¬GK _ GHL
w
\
w
\
w
\ ^EGFGL \

JEBB CED
a BIJADH GK[DEAJTQ MDE [BHBEGJADH DM MEB]NBHJ AJBQ FBJF \ ­
ñ
ü   æ êê
ñ

éŁ

ã

ñ
_ 
Ê
j Ç
u
È

Ê
_
 uu Ê
\
s

4
w
v

BE[B

OAJBODNK _  AITGEL 4NKK _ GHL
w
AIJDE
w
AGHN \ ®é
ã
êé é
ë
æ  
ñ

LL
A
FDH¯BF
K
B_
Ê
 \
s



v GmBFT

[
EG¬G
K
_ DQGF° Q
A
B
KA
HFm
A
_ GHL

ENH

\

¬GQ
A
\ r
A
H
A
H
[
GFFDI
A
GJ
A
DH
EN
K
BF O BJ¬BBH FBJF DM
A
JBQ F
A
H
K
GE
[
B LGJGOGFBF \ H ^BJBE
%
NHBQGH GHL

NFT
AK
Ga DL
A
G _ BL
A
JDEF _
â
ç±² ³æ

é
ë
 í_ CG
[
BF
 u

È
 Ê
 \


r ^EBFF _
Ê
 \
s

 v GmBFT

[
EG¬G
K
GHL GQGmE
A
FTHGH

E
A
mGHJ \ lGFJ G
K[
DE
A
JTQF MDE Q
A
H
A
H
[
GFFD
I
A
GJ
A
DH EN
K
BF
A
H
K
GE
[
B LGJGOGFBF \ H DE
[
B
%
\
%
DIIG _ r GJJT
A
GF GEmB _ GHL

GE
K
D
t
GH
A
D
K
D _ BL
A
JDEF _ ´òæµ _ CG
[
BF É
È
 \ rDE
[
GH ¶GNMQ GHH _
Ê
 \
s

v GmBFT

[
EG¬G
K
GHL GQGmE
A
FTHGH

E
A
mGHJ \ r
A
H
A
H
[
FB]NBHJ
A
G
K
CGJJBEHF \ H
^T
AKA
C

\ ·N GHL

EO BB } \ ^\

TBH _ BL
A
JDEF _ ç

æ
,
_ CG
[
BF 
È
Ê
 \ 
ﬃﬃﬃ

DQ 
CNJBE

DI
A
BJ_
Ê
 \
s
%
GÉv DOBEJD  \
%
GGELD E \
ﬃ
 I
A
BHJ
K
 Q
A
H
A
H
[ K
DH
[
CGJJBEHF MEDQ LGJGOGFBF \ H
}GNEG r \ 4GGF GHL

FTNJDFT 
A
¬GE_ BL
A
JDEF _
â
ç±² ³æ

é
ë
 í_ CG
[
BF
É
È
 \


r ^EBFF _
Ê
É \
s
%%

u
v BGHlEGHD
A
F
%
DN
KA
IGNJ _

EJNE
%
mD¬ Fm
A
_ GHL

TE
A
FJDCTB 
A[
DJJ
A
\ lEBBFBJF Ç

IDHLBHFBL EBCEBFBHJGJ
A
DH DM ODD
K
BGH LGJG MDE JTB GCCED`
A
Q GJ
A
DH DM MEB
]NBHI ]NBE
A
BF \ æ  ² ê
ñ ¸
é¹ 
ñ
æ ê íéõ
ñ
_  
Ê
j Ç
È
  
_
 uu
 \
s
%

l
+
u
v
h
DN
[K
GF
%
NEL
A
Im _ r GHNB
K

G
KA
Q
KA
Q _ GFDH l
K
GHH
A
Im _ DTGHHBF 3BTEmB _ GHL
DQ
A
·
A
N \ r G¡G Ç

CBEMDEQ GHIB FJNL DM Q
A
H
A
H
[
QG`
A
Q G
K
MEB]NBHJ
A
JBQ FBJF \
H
%
GGELD E \ GHL
t
Gm
A
s
%tu
v \
s
%

3
u Ê
v
h
DN
[K
GF
%
NEL
A
Im _ r GHNB
K

G
KA
Q
KA
Q _ GHL DTGHHBF 3BTEmB \ r G¡G Ç

QG`
A
Q G
K
MEB]NBHJ
A
JBQ FBJ G
K[
DE
A
JTQ MDE JEGHFGIJ
A
DHG
K
LGJGOGFBF \ H ç

æ
,
_ CG
[
BF 
È

 
\ 
ﬃﬃﬃ

DQCNJBE

DI
A
BJ_
 uu Ê
\
s
%

r
+
u
v lEGH°
%
GGLBE _
h
A
B
[
D

G
K
SGHBFB _
h
BODEGT } \ r I3N
A
HHBFF _
h
GH
A
B
K
B

GEL
A
_ GHL
^BJBE l \ ^GJB
K


ITHB
A
LBE _ BL
A
JDEF \ ºî  æ  íê

êé òéì êí » éé¼ ö ºî éè
çŁ

Ł êéè  ½

êíêé \

GQOE
A
L
[
B ﬂH
A
SBEF
A
J ^EBFF _
 uu
 \
s
%
h
l

É v

GJE
A
B
K
%
BBE
A
_ rGEJ
A
H
h
D¬L _ DHG
K
L lG
[A
H _ GHL 
A
ITGEL

JGJQ GH \ H
JTB FJENIJNEB DM GEQ FJEDH
[
EB
K
GJ
A
DHF MDE MNHIJ
A
DHG
K
LBC BHLBHI
A
BF \ ­
ñ
½

² _

Ê

Ê
j Ç
u
È
 _
Ê
É \
by
¾ Äe{Ä |¿ Äz
s
%
BEv

KGNLB
%
BE[B \ ±

î  »

ì 

î \

DEJT 4DKKGHL _

QFJBELGQ _
Ê
 \
s
%
3
tu
 v DOBEJD  \
%
GGELD E \_
%
GEJ 3DBJTGKF _ GHL rDTGQQBL GSBBL
t
GmA _ BLAJDEF \
®ç² ç ä
:
7
è ü éíêì é
ë
î  ç
,,,
ç

æ² Àé¼î é

é ®þ
ã
 ç Ł ² êß
êì çŁ

Ł êéè µ êìî éè Á
¸
è Â éõŁ 

è
+::
7
_ SDKNQB
Ê 
 DM
,
Áï
Àé¼î é

ü éíêì \
ﬃ
ﬂ¯

\DE[ _
 uu
 \
s
%
DL
u
v lBEBHI
%
DLDH \

MGFJ GCEADEA AQCKBQ BHJGJADH \ H
%
GGELD E \ GHL
t
GmA s
%tu
v \
s
%
DL
u
v lBEBHI
%
DLDH \

NECEAFAH[ EBFNKJF DM JEABOGFBL ¡Q GK[DEAJTQ F \ H
%
GGELD E \
BJ GK \ s
%
3
tu
v \
s
%
DE
u
v

TEAFJAGH
%
DE[BKJ \
ﬃ
 IABHJ AQCKBQ BHJGJADHF DM

CEADEA GHL
ﬃ
IKGJ \ H
%
GGELD
E \ GHL
t
GmA s
%tu
v \
s
%
DE
u
 v

TEAFJAGH
%
DE[BKJ \  BINEFADH CENHAH[ MDE JTB GCEADEA GK[DEAJTQ \ H
%
GGELD
E \ BJ GK \ s
%
3
tu
v \
s
%

uÊ
v

EJNE
%
mD¬ FmA GHL

TEAFJDCTB  A[DJJA \

IDHLBHFBL EBCEBFBHJGJADH JD ¡HL
MEB]NBHJ CGJJBEHF \ H ü³æ
â
\

r _
 uu Ê
\
s
%tu
v DOBEJD  \
%
GGELD E \ GHL rDTGQQBL GSBBL
t
Gm
A
_ BL
A
JDEF \ ®ç² ç ä
:
è
ü éíêì é
ë
î  ç
,,,
ç

æ² Àé¼î é

é ®þ
ã
 ç Ł ² ê êì çŁ ß

Ł êéè ² é
ã
 è ® éêè Á
â
½ è Â éõŁ 

*è
+::
_ SD
K
NQB 
u
DM
,
Áï Àé¼î é

ü éíêì \

ﬃ
ﬂ¯

\DE
[
_
 uu
 \
s

}
u
v

K
G
A
H

GFG
KA
_ DF
A
HB

A
IITBJJ
A
_ GHL }DJ¡ }GmTG
K
\
ﬃ
FFBHJ
A
G
K
CGJJBEHF Ç

CBEMBIJ
IDSBE DM MEB]NBHJ CGJJBEHF \ H

\ r
A
H a DG GHL NGH ENa
AKK
D _ BL
A
JDEF _ æ À
¸
_
SD
K
NQ B É DM òí
ã
 Â é ê

éŁ

ã

â
íê í_ CG
[
BF 
 
É
È
 \

CE
A
H
[
BE _
 uu
 \
s

3
u
v DDH

G
K
LBEF GHL
%
GEJ 3DBJTG
K
F \ r
A
H
A
Q G
K
¼MEBB EBCEBFBHJGJ
A
DHF DM MEB]NBHJ
FBJF \ H

GLG }GSEGI _
h
EG
[
GH 3GQOBE
[
BE _ ÃBHLE
A
m
%
K
DImBB
K
_ GHL }a NC ID D
LDEDSFm
A
_ BL
A
JDEF _ ü
¸
ææ _ SD
K
NQ B
 
ÉÉ DM òí
ã
 Â é ê

éŁ

ã

â
íê í_
CG
[
BF 
Ê
È
É
 
\

CE
A
H
[
BE _
 uu
 \
s
h
%
}
u 
v üéíêì é
ë
î 
+::+
ç
,,,
çêé

é
ë
 í é æ  ² ê êì
#ç

æ²
+::+
$ è *ß
+
æ íŁ 
+::+
è ² î ê

êè ­

 \ 
ﬃﬃﬃ

DQCNJBE

DI
A
BJ_
 uu 
\
s
h
r
u
v
h
A
L
A
BE
h
BSGNEF GHL lGO
A
BH
h
B rGEIT
A
\ 3RHREGJ
A
DH LB OGFBF LB JEGHFGIJ
A
DHF
FHJTRJ
A
]NBF Ç SBEF
K
G CE
A
FB BH IDQCJB LBF ODELNEBF \ H
w
REDH
A
]NB
%
BH°GmBH _
BL
A
JDE _ µæ½ _
 uu
 \
s
h
v ÄHDF
h
BQ BJEDS
A
IF GHL
w
N
h
NI T
A
\

DQ B EBQ GEmF DH
[
BHBEGJ
A
H
[
GEQ FJEDH
[
GHL
A
HMBEE
A
H
[
MNHIJ
A
DHG
K
LBC BHLBHI
A
BF EB
K
GJ
A
DH \ ½ í


ñ
_
Ê 

 
j Ç
Ê

È
Ê
É
u
_
Ê
 \
s
ﬃ
3v TDQGF
ﬃ
A
JBE GHL 3BDE
[
3DJJ
K
DO \ LBHJ
A
M
A
H
[
JTB Q
A
H
A
Q G
K
JEGHFSBEFG
K
F DM G
TCBE
[
EGCT GHL EB
K
GJBL CEDO
K
BQ F \
â
ç½² ­
ñ 
éŁ

ã

ñ
_
 
 j Ç
Ê 
É
È
Ê

u
 _
Ê
 \
sl¶ v r
A
ITGB
K
} \ lEBLQ GH GHL }BDH
A
L ¶TGIT
A
GH \ H JTB IDQC
K
B`
A
J DM LNG
KA
°GJ
A
DH
DM QDHDJDHB L
A
Fa NHIJ
A
SB HDEQ G
K
MDEQ F \ ­
ñ
½ ì éêîŁ _
 Ê
j Ç
Ê
É
È

 
É _
Ê
 \
sl
K
D
u
v lERLRE
A
I l
K
DNSGJ \
ﬃ
`CBE
A
Q BHJG
K
FJNL DM MEB]NBHJ
A
JBQ FBJF LGJGFBJF \ BIT
H
A
IG
K
EBC DEJ _ }r

_ lEGHIB _ TJJC Ç¢¢¬¬¬ \
A
F
A
Q G \ME¢DNSGJ¢CGCBEF¢EE
u

ﬃ
`C

JNL
h
GJGFBJF \CLM _ a NHB
 uu
 \
by¾
¾ Äe{Ä |¿ Äz
slr^
u
 v lERLREAI l KDNSGJ _ lGOABH
h
B rGEITA _ GHL BGHrGEI ^BJAJ \
%
Ç

LGCJASB
%
DELBEF

BGEIT DM MEB]NBHJ AJBQ FBJF \ H
%
GGELD E \ BJ GK \ s
%
3
tu
v \
slr^
u
v lERLREAI l KDNSGJ _ lGOABH
h
B rGEITA _ GHL BGHrGEI ^BJAJ \

JTDEDN[T B` 
CBEAQ BHJGK FJNL DM LGJGFBJF MDE MEB]NBHJ AJBQ FBJF \ H ç

æ² _ CG[BF
Ê

 
È
Ê
 \

ﬃﬃﬃ 
DQCNJBE

DIABJ_
 uu
 \
slr^
u
v lERLREAI l KDNSGJ _ lGOABH
h
B rGEITA _ GHL BGHrGEI ^BJAJ \
w
BEF KB CEDJDJCG[B
EGCALB LB CED[EGQQBF LB MDNAKKB LB LDHHRBF \ H
h
DQ AHA]NB }GNEBHJ _ BLAJDE _
µæ½ _
 uu
 \
sl^

v ﬂFGQG r \ lGGL _ 3EB[DE ^AGJBJFm

TGCAED _ GHL ^GLTEGAI

QJT \ lEDQ
LGJG Q AHAH[ JD mHD¬ KBL[B LAFIDSBE AH LGJGOGFBF \ ½ ç ² ì Å ê _
Ê
 j Ç
È
 _
Ê
 \
s3¶r
+
u
v
h
AQ AJEADF 3NHDCNKDF _ DHA ¶TGELDH _ ÃBAmmA rGHHAKG _

GHa BBS

GKNa G _ ÃGHHN
DASDHBH _ GHL GQ

B¬Gm

TGEQ \
h
AFIDSBEAH[ GKK Q DFJ FC BIA¡I FBHJBHIBF \
½

² º
ñ
æ  
â

ñ
_
 
É 
 
j Ç
Ê

u
È
Ê
 _
 uu
 \
s3
tu
v
%
GEJ 3DBJTG
K
F _

A
B
[
ME
A
BL

A
a FFBH _ GHL rDTGQQBL GSBBL
t
Gm
A
\ CBH FDNEIB
LGJG Q
A
H
A
H
[
Ç ¯DEmFTDC EBCDEJ \ H ³
â
æ² ä
:Æ
è ü éíêì é
ë
î  ½

²
â
ç±
¸
ææ ³


â
é
ã
í æ  ² ê êì Àé¼î é

è

îêíì éèÁ
â
½ _
 uu
 \
s3DBGv
%
GEJ 3DBJTG
K
F \

CE
A
DE
A A
QC
K
BQ BHJGJ
A
DH \ ﬂH
A
SBEF
A
J DM

HJ¬BEC \
TJJC Ç¢¢¬¬¬ \GLEBQ \NG \GI \O B¢Ç
[
DBJTG
K
F¢ \
s3DBOv
%
GEJ 3DBJTG
K
F \ lEB]NBHJ
A
JBQ FBJ Q
A
H
A
H
[ A
QC
K
BQ BHJGJ
A
DHF EBCDF
A
JDE_
TJJC Ç¢¢¡Q
A
\IF \TB
K
F
A
Hm
A
\¡¢ \
s3¯ v
%
BEHTGEL 3GHJBE GHL NLD
K
M ¯
AKK
B \ ®éŁ 

é í

 ½ê \

CE
A
H
[
BESBE
K
G
[
_
Ê
 \
s3
tu Ê
v ¶GEGQ 3DNLG GHL rDTGQQBL GSBBL
t
Gm
A
\
ﬃ
 I
A
BHJ
K
 Q
A
H
A
H
[
QG`
A
Q G
K
MEB]NBHJ
A
JBQ FBJF \ H

A
Im

BEIDHB _ FGN ·DNH
[
}
A
H _ GHL È
A
HLDH
[
¯N _ BL
A
JDEF _
ç

æ² _ CG
[
BF
Ê

È
Ê

u
\ 
ﬃﬃﬃ

DQCNJBE

DI
A
BJ_
 uu Ê
\
s3
tu
v 3ÉFJG 3EGTHB GHL 
A
GHMB
A
t
TN \
ﬃ
 I
A
BHJ
K
 NF
A
H
[
CEB¡` JEBBF
A
H Q
A
H
A
H
[
MEB]NBHJ
A
JBQ FBJF \ H
%
GGELD E \ GHL
t
Gm
A
s
%tu
v \
sÃG
K
uÊ
v

K
DH · \ ÃG
K
BS\

HF¬BE
A
H
[
]NBE
A
BF NF
A
H
[
S
A
B¬ F Ç

FNESB\ ´òæµ ­
ñ
_
Êu
 j Ç
 

u
È
 
 _
 uuÊ
\
sÃ


+
u
v rDTGQQGL ÃGFGH _
w
A
HBBJ

TGDa
A
_

GBBL

G
K
BQ _

G
[
BHLBE ^GE
A
Q
A
_ GHL rD
TGQQBL
t
Gm
A
\
h
r} Ç

[
BHBE
A
I LGJG Q
A
H
A
H
[
JBQC
K
GJB
KA
OEGE\ H Àé¼î é

é ò êß

êí
â
é
ë
¹ æ êì #ò

â
æ ä
:Æ
$ è ¹ êî ³
ù
íß³ê ü éß
ì ŁŁ êìè
â
Łè òì
ã
ì   ½

êíêé #³³ü
â
ò½ ä
:Æ
$ íé
ë
 íè
â
 æ êì éè

ê
ë
éê_
 uu
 \
sÃ3
u
v 
A
G¬B
A
ÃGH GHL
h
GJG r
A
H
A
H
[
3EDNC \ 
KKA
r
A
HB CEDa BIJ \ ﬂH
A
SBEF
A
J DM 
KKA

HD
A
F ﬂEOGHG

TGQCG
A[
H
h
GJGOGFB GHL HMDEQ GJ
A
DH

FJBQ F }GODEGJDE\
TJJC Ç¢¢
AKKA
Q
A
HB \IF \N
A
NI \BLN¢ _
 uu
 \
sÃr
u Ê
v
h
GS
A
L  \ Ã GHL _ ÃB
A
mm
A
rGHH
AK
G _ GHL ^GLTEG
A
I

QJT \ üê íê

 é
ë
æ 
² ê êì \ r  ^EBFF _
 uuÊ
\
by	
¾ Äe{Ä |¿ Äz
sÃ^·
uu
v AG¬BA ÃGH _ AGH ^BA _ GHL · A¬BH · AH \ r AHAH[ MEB]NBHJ CGJJBEHF ¬ AJTDNJ IGH
LALGJB [BHBEGJADH \ H ¯BALDH[

TBH _ B¥EB l \

GN[TJDH _ GHL ^TAKAC

\
%
BEHFJBAH _ BLAJDEF _
â
ç±² ³æ

é
ë
 í_ CG[BF
Ê
È
Ê 
\

r _
 uuu
\
s¯r
uu
v

mATAED HDmNITA _ GmGFTA ¯GFTAD _ GHL Ã AEDFTA rDJDLG \

H GCEADEAOGFBL
GK[DEAJTQ MDE Q AHAH[ MEB]NBHJ FNOFJENIJNEBF MEDQ [EGCT LGJG \ H
h
a GQBK

\
t
A[TBL _ ÃBHEm GH ¶DQDED¬ FmA _ GHL GH r \
t
JmD¬ _ BLAJDEF _ ü
¸
ææ _ SDKNQ B
Ê

Êu
DM òí
ã
 Â é ê

éŁ

ã

â
íê í_ CG[BF
Ê

È
 
 \

CEAH[BE _
 uuu
\
sl
u
v Ã RK~HB GNLDAH GHL lERLREAI l KDNSGJ \ BITHA]NBF LB MDNAKKB LB LDHHRBF CDNE
KG ERRIEAJNEB LB EB]NJBF BH CERFBHIB LB IDHJEGAHJBF LB SGKBNEF \ H 3AKO BEJ
 AJFITGEL GHL

TGOGHB
h
a BEGOG _ BLAJDEF _
,
±

_ SDKNQB 


ﬃ
 DM ïõ
ã

 Â é
ã
õ  ºíîééì ê   äç
ë
éŁ êé _ CG[BF 
È
ÉÉ \

RCGLN~FÊLAJADHF _
 uu
 \
s^
+
u
v Ã RK~HB GNLDAH _ BGHrGEI ^BJAJ _

TEAFJDCTB  B_ r AITBK

ITHBALBE _ GHL lG
EDNm DNQGHA \

NBE EB¬ EAJAH[ NFAH[ S AB¬ F AH CEBFBHIB DM SGKNB IDHFJEGAHJF \
H GH ÃDEEDImF _ ﬂ
K
E
A
mB

GJJ
K
BE _ GHL lEGHm ¯D
K
JBE _ BL
A
JDEF _ æ íê

êé òéì êí _
SD
K
NQ B
Ê
 DM
,
Áï Àé¼î é

ü éíêì \

ﬃ
ﬂ¯

\DE
[
_
 uu
 \
s¶3
u 
v rGE°BHG ¶EF°m
A
B¬
A
I° GHL rGEI
A
H 3Ga Bm \

DHI
A
FB EBCEBFBHJGJ
A
DH DM MEB]NBHJ
CGJJBEHF OGFBL DH
[
BHBEG
KA
°BL L
A
Fa NHIJ
A
DHMEBB
[
BHBEGJDEF \ H r
A
H
[


TGH

TBH
[
_ ^T
AKA
C

\ ·N _ GHL
%
A
H
[
}
A
N _ BL
A
JDEF _ ü½
¸
ææ _ SD
K
NQ B
 
 DM òíß

ã
 Â é ê

éŁ

ã

â
íê í_ CG
[
BF
Ê

È
Ê

Ê
\

CE
A
H
[
BE _
 uu 
\
s¶r


 
v r GEJJ
A
¶GHJD
K
G _ ÃB
A
mm
A
r GHH
AK
G _ ¶ GE
A
DNmD Ë
A
TË _ GHL ÃGEE
A

AA
EJD
K
G \
h
A
F
IDSBE
A
H
[
MNHIJ
A
DHG
K
GHL
A
HI
K
NF
A
DH LBCBHLBHI
A
BF
A
H EB
K
GJ
A
DHG
K
LGJGOGFBF \ çß
êé ­é
ã
 é
ë
ç êì 
â
Ł _  Ç
Ê
È

u
 _
Ê

 
\
s¶
u
v

HLEBGF ¶DB
KK
BE GHL
ﬃ
K
mB

\ NHLBHFJB
A
HBE \
h
A
FIDSBE DM T
A[
TL
A
Q BHF
A
DHG
K
\
H ﬂQBFT¬GE
h
GG
K
_ ¶ E
A
JT
A
GQGQE
A
JTGQ _ GHL  \ r \
w
A
a GGEGQ GH _ BL
A
JDEF _
ç

æ
,
_ CG
[
BF É
È
É \ 
ﬃﬃﬃ

DQCNJBE

DI
A
BJ_
 uu
 \
s}Ãr Év
%
A
H
[
}
A
N _ ¯HHB ÃFN _ GHL ·
A
Q
A
H
[
rG \ HJB
[
EGJ
A
H
[
I
K
GFF
A
¡IGJ
A
DH GHL GFFDI
A
G
J
A
DH EN
K
B Q
A
H
A
H
[
\ H
¸
ææ _ CG
[
BF É
u
È
É _
Ê
É \
s}¶ Év
h
GD }
A
H GHL
t
S
A
r \ ¶BLBQ \ ^
A
HIBE FBGEIT Ç

HB¬ G
K[
DE
A
JTQ MDE L
A
FID
SBE
A
H
[
JTB Q G`
A
QNQ MEB]NBHJ FBJ \ H ÃGHFÉE
[

ITBm _ l~
KA
`

G
K
JDE _ F
A
LED
 GQDF _ GHL 3NFJGSD

K
DHFD _ BL
A
JDEF _
,
æµ º_ SD
K
NQB
Ê
 DM òí
ã
 Â é
ê

éŁ

ã

â
íê í_ CG
[
BF
Êu

È
ÊÊ
 \

CE
A
H
[
BE _
Ê
É \
s}}v r GEm }BSBHB GHL 3BDE
[
B }D
A
°DN \ ½ ±
ã
ê ºé
ã
 é
ë
ïêé æ   
µ é\

CE
A
H
[
BESBE
K
G
[
_
Ê
 \
s}}·
+
u
v 3N
A
Q B
A
}
A
N _ ÃDH
[
a NH }N _ B¥EB ÈN ·N _ ¯GH
[
¯B
A
_ GHL È
A
GH
[
B È
A
GD \

MDCJ Ç

H B I
A
BHJ
A
Q C
K
BQ BHJGJ
A
DH DM CGJJBEH
[
ED¬JT GCCEDGIT \ H
%
GGELD E \ GHL
t
Gm
A
s
%tu
v \
s}^}
uu
v

JRCTGHB }DCBF _ BGHrGEI ^BJ
A
J _ GHL }DJ¡ }GmTG
K
\
ﬃ
 I
A
BHJ L
A
FIDSBE DM
MNHIJ
A
DHG
K
LBC BHLBHI
A
BF GHL GEQ FJEDH
[
EB
K
GJ
A
DHF \ H

GE
K
D
t
GH
A
D
K
D _ ^BJBE

\
}DImBQ GHH _ rGEI Ã \

ITD
KK
_ GHL DEFJBH 3ENFJ _ BL
A
JDEF _
,
æµ º_ SD
K
NQB
Ê

DM òí
ã
 Â é ê

éŁ

ã

â
íê í_ CG
[
BF 
u
È
 \

CE
A
H
[
BE _
 uuu
\
by
¾ Äe{Ä |¿ Äz
s}^
u 
v

JRCTGHB }DCBF _ BGHrGEI ^BJAJ _ GHL lGEDNm DNQ GHA \
h
AFIDSBEAH[ AHJBEBF
JAH[ AHIKNFADH LBCBHLBHIABF Ç GCCKAIGJADH JD KD[AIGK LGJGOGFB JNHAH[ \ ç
ë
ñ
â

ñ
_
 
 
Ê
j Ç
Ê
È
Ê
 _
 uu 
\
sr

^Év l KDEBHJ rGFFB[KAG _ lGOABHHB

GJTGKG _ GHL ^GFIGK ^DHIBKBJ \ TB CFC GCCEDGIT
MDE Q AHAH[ FB]NBHJAGK CGJJBEHF \ H GH r \
t
JmD¬ GHL rDTGQ BL

NGMGMDN _
BLAJDEF _ ü
¸
ææ _ SDKNQ B
Ê

Êu
DM òí
ã
 Â é ê

éŁ

ã

â
íê í_ CG[BF
Ê

È
Ê
É \

CEAH[BE _
Ê
É \
srl^
u
v lGOABH
h
B rGEITA _ lERLREAI l KDNSGJ _ GHL BGHrGEI ^BJAJ \

LGCJASB FJEGJB[ABF
MDE Q AHAH[ JTB CDFAJASB ODELBE DM AHJBEBFJAH[ CGJJBEHF Ç

CCKAIGJADH JD AHIKNFADH
LBCBHLBHIABF AH LGJGOGFBF \ H BGHlEGHDAF
%
DNKAIGNJ _ }NI
h
B GBLJ _ GHL
ÃBAmmA r GHHAKG _ BLAJDEF _

éêßµ   ² ê êì  ç
ã
íêõ  æ   _
SDKNQ B ÉÉ DM òí
ã
 Â é ê

éŁ

ã

â
íê í_ CG[BF É
Ê
È
Êu Ê
\

CEAH[BE _
 uu
 \
sr AJÉv DTH

\ r AJITBKK \ TB AQCKAIGJADH CEDOKBQ MDE MNHIJADHGK GHL AHIKNFADH LB
CBHLBHI
A
BF \ ç
ë
éŁ êé 

éé_  j Ç
Ê

È
Ê
 _
Ê
É \
sr}^
u 
v lGO
A
BH
h
B rGEIT
A
_

JRCTGHB }DCBF _ GHL BGHrGEI ^BJ
A
J \
ﬃ
 I
A
BHJ G
K[
DE
A
JTQ F
MDE Q
A
H
A
H
[ A
HI
K
NF
A
DH LBCBHLBHI
A
BF \ H

TE
A
FJ
A
GH

\ BHFBH _ ¶B
A
JT 3 \ B¥BE_ G
EDF
K
GS ^DmDEHÌ_

A
Q DHGF

G
K
JBH
A
F _
ﬃ
KA
FG
%
BEJ
A
HD _ ¶
K
BQ BHF
%
ÉTQ _ GHL rGJJT
A
GF
GEmB _ BL
A
JDEF _
,
æµ º_ SD
K
NQ B
  
É DM òí
ã
 Â é ê

éŁ

ã

â
íê í_
CG
[
BF 
È
 \

CE
A
H
[
BE _
 uu 
\
sr^
u
v lGO
A
BH
h
B rGEIT
A
GHL BGHrGEI ^BJ
A
J \
t
A[
°G
[
Ç G HB¬ G
K[
DE
A
JTQ MDE Q
A

H
A
H
[ K
GE
[
B
A
HI
K
NF
A
DH LBC BHLBHI
A
BF
A
H LGJGOGFB \ H ç

æ² _ CG
[
BF
 

È
 \ 
ﬃﬃﬃ

DQCNJBE

DI
A
BJ_
 uu
 \
sr v ÃB
A
mm
A
r GHH
AK
G GHL ¶GE
A
DNmD Ë
A
TË \ ºî  æ êì é
ë
ïêé æ   \

LL
A
FDH¯BF
K
B_ FBIDHL BL
A
J
A
DH _
Ê
 \
sr
uu
v

T
A
H
A
IT
A
rDE
A
FT
A
JG GHL NH

BFB \ EGSBEF
A
H
[ A
JBQ FBJ
K
GJJ
A
IB ¬
A
JT FJGJ
A
FJ
A
IG
K
Q BJE
A
I CENH
A
H
[
\ H ü³æ
â
_ CG
[
BF
  

È
 
 \


r _
 uuu
\
srv ÃB
A
mm
A
r GHH
AK
G GHL ÃGHHN D
A
SDHBH \ rN
K
J
A
C
K
B NFBF DM MEB]NBHJ FBJF GHL
IDHLBHFBL EBCEBFBHJGJ
A
DHF B`JBHLBL GOFJEGIJj \ H
¸
ææ _ CG
[
BF
Ê
É
È
Ê
 _
Ê
 \
srv ÃB
A
mm
A
rGHH
AK
G GHL ÃGHHN D
A
SDHBH \ }BSB
K
¬
A
FB FBGEIT GHL ODELBEF DM JTBDE
A
BF
A
H mHD¬
K
BL
[
B L
A
FIDSBE\ æ  ² ê
ñ ¸
é¹ 
ñ
æ ê íéõ
ñ
_
Ê
j Ç
 

Ê
È
 
É _
Ê
 \
s}^
+
u
v

G
K
SGJDEB E
K
GHLD _

K
GNL
A
D }NIITBFB _ ^GD
K
D ^G
K
Q BE
A
H
A
_ G¥GB
K
B ^BEB
[
D _ GHL
lGOE
A
°
A
D

AK
SBFJE
A
\ mLI
A
Ç G QN
K
J
A
FJEGJB
[
 G
K[
DE
A
JTQ MDE Q
A
H
A
H
[
MEB]NBHJ FBJF \
H
%
GGELD E \ GHL
t
Gm
A
s
%tu
v \
s^^
u 
v

G
K
SGJDEB E
K
GHLD _ ^GD
K
D ^G
K
Q BE
A
H
A
_ G¥GB
K
B ^BEB
[
D _ GHL lGOE
A
°
A
D

AK
SBFJE
A
\

LGCJ
A
SB GHL EBFDNEIBG¬GEB Q
A
H
A
H
[
DM MEB]NBHJ FBJF \ H ç

æ² s
h
%
}
u 
v _
CG
[
BF É
È
 \
s^
%
}v

A
ID
K
GF ^GF]N
A
BE _ ·SBF
%
GFJ
A
LB _  G¡m GDN
AK
_ GHL }DJ¡ }GmTG
K
\
h
A
FIDSBE
A
H
[
MEB]NBHJ I
K
DFBL
A
JBQ FBJF MDE GFFDI
A
GJ
A
DH EN
K
BF \ H

GJE
A
B
K
%
BBE
A
GHL ^BJBE
%
NHBQGH _ BL
A
JDEF _ ç

æ º_ SD
K
NQ B
Ê

u
DM òí
ã
 Â é ê

éŁ

ã

â
íê í_
CG
[
BF É
È

Ê
 \

CE
A
H
[
BE _
Ê
 \
by-
¾ Äe{Ä |¿ Äz
s^Ãr
uu
v AGH ^BA _ AG¬BA ÃGH _ GHL NH AH[ rGD \

KDFBJ Ç

H B IABHJ GK[DEAJTQ MDE
Q AHAH[ MEB]NBHJ IKDFBL AJBQ FBJF \ H ½

²
â
ç±² ³æ Àé¼î é

é ï íî
ç
ã
 ê æ  ² ê êì 
¸
é¹ ì  æ êíéõ_ CG[BF
 Ê
È

u
_
 uuu
\
s^^
u
v ^GDKD ^GKQ BEAH A _

GKSGJDEB EKGHLD _ GHL  G¥GBKB ^BEB[D \

JGJAFJAIGK CEDC BE
JABF DM JEGHFGIJADHGK LGJGOGFBF \ H ÃAFTGQ ÃGLLGL _

HLEBG Q AIAHA _ D[BE } \
¯GAH¬EA[TJ _ GHL }DEAB r \ } ABOEDIm _ BLAJDEF _
â
½

_ CG[BF 
Ê

È

Ê
 \

r _
 uu
 \
s

 v TB

NBFJ  BGQ \

HJTBJAI LGJG [BHBEGJADH IDLB MDE GFFDIAGJADHF GHL FB]NBH
JAGK CGJJBEHF \ HJBKKA[BHJ AHMDEQ GJADH FFJBQ F _ 
%
r GKQ GLBH EBFBGEIT IBHJBE \
TJJC Ç¢¢¬¬¬ \GKQ GLBH \AOQ \IDQ ¢FDMJ¬GEB¢]NBFJ¢ BFDNEIBF¢ \
sr
tu
v 3GHBFT GQBFT _ ¯ AKKAGQ rGHAGJJ_ GHL rDTGQQBL GSBBL
t
GmA \ lBGFAOKB
AJBQ FBJ LAFJEAONJADHF AH LGJG Q AHAH[ Ç JTBDE GHL GCCKAIGJADH \ H ü ³æ
â
_ CG[BF
 
É
È
 
 \

r _
 uu
 \
sQ 
 
v DH QDH \

BGEIT JTEDN[T FFJBQ GJAI FBJ BHNQBEGJADH \ H
¸
ï _ CG[BF 
È

u
_
Ê

 
\
s
t
r
u
v 3GHBFT  GQ BFT _ rDTGQQBL GSBBL
t
Gm
A
_ GHL ¯
AKKA
GQ rGH
A
GJJ\
h
A
FJE
A
ONJ
A
DHOGFBL FHJTBJ
A
I LGJGOGFB
[
BHBEGJ
A
DH JBITH
A
]NBF MDE
A
JBQ FBJ Q
A

H
A
H
[
\ H çæ
,
½
â
_ CG
[
BF 
u

È

Ê
 \ 
ﬃﬃﬃ

DQCNJBE

DI
A
BJ_
 uu
 \
s

ﬂ
u
v ¶ BH

GJDT GHL GmBGm
A
ﬂHD \
ﬃ
HNQ BEGJ
A
H
[
QG`
A
Q G
K
MEB]NBHJ FBJF NF
A
H
[ A
EEB
LNHLGHJ LNG
KA
°GJ
A
DH \ H 3NHJBE 3E
A
BFBE _ ·N°NEN GHGmG _ GHL

m
A
T
A
ED ·GQ G
QDJD _ BL
A
JDEF _ æ ê íéõ
â
íê í_ SD
K
NQ B
 
É DM òí
ã
 Â é ê

éŁ

ã

â
íê í_ CG
[
BF
 

È
 
É \

CE
A
H
[
BE _
 uu
 \
s
u 
v

K
B`GHLEB BEQ
A
BE _ r GE
A
B

TE
A
FJ
A
HB DNFFBJ _ GHL r
A
IT~
K
B

BOG
[
\ EBB¡HLBE Ç
G ¡ EFJ FJBC JD¬GELF `Q
K
LGJG Q
A
H
A
H
[
\ H ç

æ² s
h
%
}
u 
v _ CG
[
BF 
u
È
 \
sﬂ

ﬂ
 u
v GmBGm
A
ﬂHD _ GJFNG

FG
A
_ ·N°D ﬂIT
A
LG _ GHL Ã
A
EDm
A

E
A
QNEG \ }IQ Ç

H
B I
A
BHJ G
K[
DE
A
JTQ MDE BHNQBEGJ
A
H
[
MEB]NBHJ I
K
DFBL
A
JBQ FBJF \ H
%
GGELD E \
GHL
t
Gm
A
s
%tu
v \
sﬂ

ﬂ
 u
 v GmBGm
A
ﬂHD _ GJFNG

FG
A
_ ·N°D ﬂIT
A
LG _ GHL Ã
A
EDm
A

E
A
QNEG \

H B I
A
BHJ
G
K[
DE
A
JTQ MDE BHNQBEGJ
A
H
[
I
K
DFBL CGJJBEHF
A
H JEGHFGIJ
A
DH LGJGOGFBF \ H
ﬃ
A
HD
FT
A
H

N°Nm
A
GHL

BJFND

E
A
mG¬G _ BL
A
JDEF _ æ ê íéõ
â
íê í_ SD
K
NQ B 
 
 DM
òí
ã
 Â é ê

éŁ

ã

â
íê í_ CG
[
BF
Ê

È

Ê
\

CE
A
H
[
BE _
 uu
 \
sﬂ¶
 u
 v GmBGm
A
ﬂHD _ r GFGFT
A
¶
A
DQ
A
_ GHL Ã
A
EDm
A

E
A
QNEG \ }IQ SBE \
 
Ç
ﬃ
 I
A
BHJ
Q
A
H
A
H
[
G
K[
DE
A
JTQF MDE MEB]NBHJ¢I
K
DFBL¢QG`
A
Q G
K A
JBQ FBJF \ H
%
GGELD E \ BJ G
K
\
s
%
3
tu
v \
sﬂ
KK
uu
v B¥EB
h
\ ﬂ
KK
Q GH \ HMDEQ GJ
A
DH
A
HJB
[
EGJ
A
DH NF
A
H
[ K
D
[A
IG
K
S
A
B¬ F \ ºî é
ñ 
éŁ ß

ã

ñ
â
íê
ñ
_
 
 
 
j Ç
Ê
É
È
 Êu
_
 uuu
\
s¯ l
u
v GH Ã \ ¯
A
JJBH GHL
ﬃ
A
O B lEGHm \ æ  ² ê êì ö ü íêí Ł íî ê  êì
éé  íîêþ
ã
è
+

,
êêé \ rDE
[
GH ¶GNMQ GHH _

GH lEGHI
A
FID _
 uu
 \
s¯
AK
É
 
v NLD
K
M ¯
AKK
B \ ï
ã
í
ã
êì êí î é ö ½ 

éíî   é îêíî ê
é
ë
íé í

 _ CG
[
BF 
È

u
\ ELBEBL

BJF \  B
A
LB
K
_
h
DELEBITJ
%
DFJDH _
Ê
É
 
\
s
t
Gm
uu
v rDTGQQBL GSBBL
t
Gm
A
\

IG
K
GO
K
B G
K[
DE
A
JTQ F MDE GFFDI
A
GJ
A
DH Q
A
H
A
H
[
\ ç
,,,
º
ñ ¸
é¹ 
ñ
æ 
,
ì
ñ
_
Ê 

 
j Ç
 
È

u
_
 uuu
\
by5
¾ Äe{Ä |¿ Äz
s
t
Gm
u 
v rDTGQQBL GSBBL
t
GmA \
ﬃ
 IABHJK Q AHAH[ MEB]NBHJ JEBBF AH G MDEBFJ \ H
¸
ææ _ CG[BF 
Ê
È
É
u
\

r _
 uu 
\
s
t
Ã
u 
v rDTGQQBL GSBBL
t
GmA GHL

TAH[AN ÃFAGD \

TGEQ Ç

H B IABHJ GK[DEAJTQ
MDE IKDFBL AJBQ FBJ Q AHAH[ \ H DOBEJ } \ 3EDFFQ GH _ AG¬BA ÃGH _
w
ACAH ¶NQGE _
ÃBAmmA r GHHAKG _ GHL Ga BBS rDJ¬GHA _ BLAJDEF _
â
æ² \



r _
 uu 
\
s
t
^
h
+
u
v rDTGQQBL GSBBL
t
GmA _

G[BHLBE ^GEAQ A _

AKGHa GHG
h
B _ lBH[ 3GD _
%
BH
a GEGJT ^TDDCTGmLBB _ DB ﬂEOGH _
w
AHBBJ

TGDa A _ rDTGQQGL

K ÃGFGH _ GHL

GBBL

GKBQ \ D¬GELF [BHBEAI CGJJBEH Q AHAH[ \ H
%
BEHTGEL 3GHJBE GHL DOBEJ
3DLAH _ BLAJDEF _ ç

®

½ _ SDKNQB 
u
 DM òí
ã
 Â é ê

éŁ

ã

â
íê í_
CG[BF
Ê
È
 u
\

CEAH[BE _
 uu
 \
s
t
^}v rDTGQQBL GSBBL
t
GmA _

EAH ASGFGH ^GEJTGFGEGJT_ r AJFNHDEA [ATGEG _ GHL
¯BA } A \

B¬ GK[DEAJTQ F MDE MGFJ LAFIDSBE DM GFFDIAGJADH ENKBF \ H
¸
ææ _ CG[BF
 
É
È
 
É _
Ê
 \
by8
